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Abstract 
Abstract 
Global environmental degradation is one of the most serious threats facing 
humankind as a result of the expansion of its activities around the globe. Scientific 
evidence is growing that greenhouse gas emissions are having a noticeable effect on 
the earth's climate. Sustainable development has become a global issue and its life 
cycle influences the life cycles of the whole planet dramatically. As widely accepted, 
CO2 emissions are the most significant impact on global climate caused by the 
amount of energy consumed (Kyoto Protocol, 1997). The UK Government has signed 
the United Nations Framework Convention on Climate Change in 1992 and is 
therefore committed to reducing the emission of six greenhouse gases with carbon 
dioxide being the most significant to 12.5% lower than the 1990 levels (DEFRA, 
2000). The Government has also indicated that it has an aim of further reducing the 
emissions with an eventual target of 20% below the 1990 levels by 20 10. Energy 
consumed by the UK building stock approaches 50% of the total while transport is 
responsible for 28% (DETR, 2000). Accordingly the energy used in housing stock is 
responsible for about 30% of overall emissions (Shorrock and Walters, 1998), which 
is a major contributor to global warming and therefore, improving energy efficiency 
and reducing carbon dioxide emission within housing stock is a key factor for long-
term sustainability in the built environment. 
This research aims to study the energy efficiency standards, CO2 emissions and 
energy ratings of privately rented, university controlled and approved properties 
within Sheffield. In general, properties in this particular sector account for about 15% 
of the total housing stock and demonstrate one of the worst conditions of housing 
standards in the UK (Revell and Leather, 2000). In this research however, properties 
analysed have shown better characteristics regarding energy efficiency standards 
especially when compared to the worst housing examples in the country. This is 
mainly due to properties being controlled and approved by the university 
standards/requirements, and resulted in achieving higher energy efficiency standards 
within the privately rented sector. Case study analysis carried out includes over 200 
privately rented properties, showing dwelling conditions and examining efticiency of 
both water and space heating systems. 
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As a global matter, environmental issues and good building design have also been 
increasingly important in the UK. For that reason, energy and environmental 
assessment methods for buildings have been developed in order to accomplish good 
building design, which could contribute considerably to reducing pollution and 
improving the environment. These assessment methods identify criteria for a range of 
issues also concerning the global, national and indoor environments. Due to the 
importance of building energy and environmental assessment methods, many 
components have to be discussed for the future of buildings and more emphasis 
should be paid to encouraging property developers to utilise the appropriate methods 
in order to design energy conscious buildings. Some of the existing methods 
concerning 'Environment and Healthy Building' developed and used in the country 
have been reviewed and discussed in the perspective of global effects. 
In this study, having chosen university-controlled properties would therefore help 
to utilise the university authority to take action effectively and play a key role in 
guiding energy efficiency improvements within privately rented properties. With 
university authority, potential improvements in these properties can be encouraged 
and implemented much effectively, whilst existing legislation and policies are 
inoperative to enforce retrospective energy standards in existing housing. 
Furthermore, this has a negative impact on private rented sector and comes into being 
a major barrier for this particular sector. Therefore, this is an opportunity that will not 
only increase energy standards of the housing stock in Sheffield, but also help to 
achieve the rate of improvement required by the Home Energy Conservation Act 
1995 and reduce the overall energy consumption caused by the existing housing stock 
in the country. 
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Introduction 
Introduction 
1. Background 
As broadly accepted, global warmmg is now forever on the world's agenda. 
According to the UN Inter-Governmental Panel on Climate Change OPCC), an 
immediate reduction in carbon dioxide (C02) emissions of at least 60% is required to 
stabilise concentrations in the atmosphere in the long term. Moreover, the Royal 
Commission on Environmental Pollution (RCEP) Report on Climate Change (22nd 
Report) has warned that increasing atmospheric concentrations of greenhouse gases, 
particularly CO2, will have serious impacts on the world's climate (OEFRA, 2000). 
The report further suggests that the evidence is mounting that climate change could 
have a significant effect on the UK and therefore the UK would have to reduce its 
emissions by 60% by 2050. 
On the other hand, the UK Government's Climate Change Programme set to 
deliver 20% reduction from 1999 level by 2010 has suggested that this may be 
insufficient with current measures (DETR, 2000). Given that the domestic sector is a 
major contributor to the UK's total C02 emissions (about 30%), this is an important 
area to tackle effectively. In the UK, while new buildings achieve a high level of 
energy efficiency through the standards enforced by Part L of the building 
regulations, existing housing stock experiences from one of the lowest energy 
efficiency levels in Europe, with average SAP rating 51 (Shorrock and Utley, 2003). 
Therefore, action in this area is evidently needed if both social and environmental 
sustainability is to be achieved. 
Being aware of all this, the author has become more concerned with energy 
efficiency in housing and possible impact caused on the environment. His main 
concern and focus area has become 'energy conservation' and 'why it is vital in our 
environment'. During the past twenty-five years energy for heating buildings has 
been relatively low-priced, mainly with the effect of utility privatisation on prices and 
designers felt able to work without taking energy conservation into account. However 
this situation has now started to change due to increasing price and potential shortage 
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of world oil and therefore designers will have to show careful consideration not only 
to building regulations, which prescribe a minimum standard, but also to other factors 
in design, which will also reduce energy consumption. Energy conservation is 
important for many reasons, such as economic, environmental and social (see 
appendix B). 
Before 1973, little action was taken towards energy conservation. With the rapid 
increase on energy prices in 1970s, international attention has been given to an energy 
conservative way of life. The problem of energy use and availability is common to a 
greater or lesser extent throughout the world. While the industrialised nations depend 
heavily upon fossil fuels for their industrial processes, the developing nations also 
desire to increase their technological capabilities and thus the use of energy in its 
various fonus. In the last fifty years, there has been a tremendous increase in world 
energy use, partly as a result of the availability of easily extractable fossil fuels (coaL 
gas and oil) and awareness of the limited nature of these reserves existed since 1970s. 
Although it is unlikely that the world will completely run out of fossil fuels in the 
next millennium, the majority of easily extractable reserves are located in a small part 
of the world and the prices due to increase (see 'World Energy Use' section in chapter 
I for more details). 
Nowadays, fossil fuels are too costly to be burned; they should he used wisely, not 
wastefully orland again not for the purpose of cooling, heating, etc. It must be 
stressed that the world's fossil fuel energy is limited by geological conditions. We are 
living in a period where energy demands must be reduced through any means 
available. These should also include; conservation of energy, employment of 
renewable energy, energy-conscious planning and design of buildings. In this stage, it 
could be said that the renewable energy sources should be the primary energy sources 
of 21 st Century, as being a free source of energy (derived from solar radiation, 
including direct use of solar energy for heating or electricity and indirect fonus such 
as energy from the wind, waves, etc.) and thereby reducing the associated 
environmental impact on our very environment in worldwide (Boyle, 1996). 
Solar energy is a renewable resource, which can easily he a plentiful contribution 
to heating and lighting in buildings and has an important role in sustainable 
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development in our environment. There is plenty of sunshine available and if only 
properly controlled, can help to reduce energy use in buildings. This energy is also a 
non-polluting source and therefore its effective utilisation helps to reduce emissions 
of carbon dioxide and other gases resulting from the use of fossil fuels. Every 
building has certain amount of its heating requirements met by solar energy. Sunlight 
passing through windows is a source of heat; however most buildings are not 
specifically designed to utilise this solar energy. The value of passive solar heating is 
enhanced by proper building insulation. A well-insulated building requires less energy 
for heating; and thus passive solar features can meet much of the heating load. 
Actions to improve housing energy efficiency could result in great energy savings, 
both for cooling and especially for heating. Among all efforts to improve energy 
efficiency, application of thennal insulation in building envelope components (i.e. 
ceilings, walls, floors and glazing) is the most effective and important factor. In 
addition to reduction in space heating and cooling costs on a long-term basis, other 
benefits such as occupant's comfort and smaller capacity requirements for heating 
and cooling systems would be achieved. Due to considerable savings in operating 
costs and initial costs, insulation pays back its investment in a short period of time. It 
is a well-known fact that solar energy as an important and non-polluting renewable 
energy source can make a vast contribution to energy savings, which can again limit 
environmental damage, conserve fossil fuel reserves and save money. 
With the UN Framework Convention on Climate Change in 1992, UK has 
committed to reducing the emission of the basket of six greenhouse gases with carbon 
dioxide being the most significant to 12.5% lower than the 1990 levels by 20 I o. 
Energy consumed by the building stock approaches 50% of the total energy 
consumption as oppose to transport being 28%. Furthennore energy used only in 
domestic building sector is responsible for about 30% of overall carbon dioxide 
emission and considerably is a major contributor to the global warming. Ovcr the 25 
years period (1973 - 1998), despite the increase mentioned above, the total energy 
consumed within a home by the average UK household fell by about a tenth 
(Shorrock and Walters, 1998). Now this fall is mostly attributable to a decline in the 
average number of people per household, to an increase in insulation and draught 
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proofing as new homes are built and existing dwellings are improved, and to the 
introduction of more energy efficient heating systems. 
2. Scope of the Problem 
Today, if we were to analyse current conditions and energy standards of UK 
housing stock, we would easily conclude that there are potentials for energy 
efficiency improvements, particularly in the private sector. According to the English 
House Condition Survey (EHCS) Reports published in 1998 and 2003, there are 
considerable scope for improvements in the energy efficiency and thermal 
perfonnance of the existing housing stock. The vast majority of existing housing has 
an average SAP rating of 51, which falls well below modern building regulation and 
energy standards (Shorrock and Utley, 2003). 
In the UK, local authorities can only have a little influence on the private sector, 
which accounts for the majority of the stock, and this therefore remains a great 
challenge for the government, whilst there is no enforced legislation of energy 
standards in the private sector. Consequently, this research has focused on the 
privately rented properties within this sector that also accounts for about 15% of the 
total housing stock and demonstrates one of the worst conditions of housing standards 
in the country (Revell and Leather, 2000). 
Furthermore, the UK has a reputation for poorly heated homes, low indoor 
temperatures and a general preference for sweaters over building insulation especially 
when compared to other European countries and therefore experiences higher levels 
of inequality and poverty (Stephens, et. aI., 2002). Although there has been a rapid 
growth in central heating and greatly improved heating standards over the last two 
decades, low levels of insulation remains a problem. 
Moreover, revised building regulations will only affect new housing and therefore 
legislation for energy efficiency improvements in existing housing should be properly 
enforced. Accordingly, standards need to be progressively raised and more effectively 
supervised. Even so, it is clear that regulations on their own will not be sufficient to 
achieve a really substantial improvement in the overall environmental performance of 
dwellings. They will need to be supplemented and reinforced by stronger policy 
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direction, and a more proactive programme to increase public and professional 
awareness of the objectives and the potential for improvement. 
3. Actions to tackle Existing Problems 
The main mechanisms currently in place for addressing energy efficiency in homes 
are briefly explained below: 
The Energy Efficiency Standards of Performance (EESoP), the precursor of 
Energy Efficiency Commitment (EEC), was introduced as a mechanism to assist in 
delivery of climate change policy, whereas Warm Front was initially more socially 
based to promote affordable warmth. 
The Home Energy Conservation Act (HECA) requires Local Authorities to plan to 
improve the energy efficiency of housing in their area by 30% on a baseline of 1995 
by 2010. 
Energy efficiency measures also form part of energy security; the performance and 
innovation unit (PIU) report on energy policy has been published emphasising energy 
efficiency as a key strand of future energy policy. The report recommends an 
improvement target for home energy efficiency of 10% by 20 10 and a further 20% by 
2020. 
The Government's Decent Homes standard is a four-part definition. Social housing 
providers are required to identify all homes that do not meet these standards and 
propose a plan to bring them up to standard by 2005. 
Links between cold homes and ill-health are well established. The Health Act 
addressed the organisation of health care in the UK, such that the emphasis now falls 
on Primary Care Trusts (PCTs) to deliver local care working through the network of 
health professionals (HMSO, 1999). 
The UK Quality of Life headline indicators include poverty, health, housing and 
climate change and give a snapshot of the state of the country as a result of measures 
and events for sustainable development (HMSO, 1999). 
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4. Research Hypothesis 
The broad question driving this research is: 
Can the UK meet its domestic sector goal to reduce carbon dioxide emissions 
to 20% below 1990 levels by 201O? 
To do so, will improving energy efficiency and reducing carbon dioxide emissions 
within privately rented sector actually help to deliver positive results and achieve 
long-tenn sustainability in the domestic sector? 
This research attempts to answer the primary question by taking into consideration 
the secondary question, which is investigating potentials for energy efficiency 
improvements and reduction of carbon dioxide emissions in the privately rented 
sector. It is important to emphasise that the aim of this study is to detennine potentials 
for improving energy efficiency and reducing carbon dioxide emissions in existing 
housing, particularly in the private sector. 
5. Research Aims and Objectives 
• To provide a database of the current conditions and energy standards of 
privately rented properties. 
• To investigate potentials for energy efficiency improvements and reduction 
of carbon dioxide emissions in the privately rented sector. 
• To evaluate and review energy and environmental assessment methods, and 
their applications in tenns of energy efficiency and carbon index (Cl). 
• To identify a way of cost effective modifications to dwelling base designs 
which can improve energy efficiency within privately rented properties. 
• To develop case study results that can be used by landlords/landladies to 
encourage energy conservation. 
• To promote general recommendations for immediate energy savings 
throughout privately rented properties analysed with supplementary 
documentation enclosed within feedback reports compiled. 
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6. Research Methodology 
The work for this research has investigated the potential for energy efficiency in 
privately rented properties within Sheffield. The research methodology was as 
follows: 
Current conditions of these properties including the efficiency of space and water 
heating systems in use were examined. 
SAP ratings of these dwellings with respect to CO2 emissions were calculated. 
Reductions of carbon dioxide emissions due to modifications conducted to base 
designs were identified and compared to the current situation of the properties and 
therefore necessary energy efficiency improvements were suggested in order to 
optimise energy use and C02 emission consumed accordingly. 
Additional to SAP ratings and CO2 emissions calculated; total costs of energy use 
for space and water heating, natural ventilation and heat loss in these properties were 
also examined. 
245 properties have been studied; existing conditions (with relevant SAP rating). 
total costs of energy use (both for space and water heating), C02 emissions, effective 
air change in the property (natural ventilation) and heat loss parameters have been 
determined. 
Furthermore, the research has also been followed up by the comparison between 
results obtained from Stelrad Software (Home Assessment Rating Procedure) and 
SAP Calculation Program (version 9.53). 
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7. Thesis Structure 
This section provides a summary guide to this thesis. This thesis consists of eight 
sections including chapters and appendices, which can be summarised as follows: 
Introduction 
This section contains the introduction. which gives a background to the issues in 
this area. It also includes a descriptive introduction to the scope of the problem. aims 
and objectives, methodology and the thesis structure. 
Chapter t. Energy and the Environment 
This chapter outlines energy use and the environment on the whole and looks at 
the history of energy use and alternative energy sources in the UK. Renewable energy 
has also been reviewed in order to comprehend why it is necessary to replace fossil 
fuels. Moreover, this chapter considers the action that is currently being taken both 
internationally and in the UK to tackle the effects, which our energy use has on our 
environment. 
Chapter 2. Housing Typology in the UK 
This chapter reviews the typology of existing UK housing and exammes the 
profile of the stock by type, age and region to detennine influences that will affect 
building designers when tackling issues regarding energy efficiency improvements 
and carbon dioxide emissions in existing stock. In this chapter, energy efficient house 
design and benefits for its occupants have also been reviewed. 
Chapter 3. Energy and Environmental Assessment Methods for Buildings in the 
UK 
This chapter reVIews the main existing energy and environmental assessment 
methods for buildings in the UK and presents a comparison chart to assist users 
choosing the appropriate method for the building energy study and environmental 
impact assessment. Furthermore, the importance of using existing assessment 
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methods and why they should be integrated within building design and thennal 
performance analysis has also been discussed. 
Chapter 4. Energy Consumption in Domestic Buildings 
This chapter outlines the pattern of domestic sector energy use and determines 
potential improvements in this sector to help the UK meet its international 
commitment. In this chapter, embodied energy of materials and energy efficiency 
basics have been reviewed. This chapter also talks about the Home Energy 
Conservation Act 1995 and examines complications experienced by local authorities 
in meeting 30% improvement rate in domestic energy efficiency by 2010. Moreover, 
the UK government's Home Information Pack, which is due to be introduced, has 
been considered as well. 
Chapter 5. Case Studies within Private Housing Sector in Sheffield 
This chapter presents case study analysis carried out in privately rented properties 
within Sheffield and assesses energy efficiency standards of these dwellings. 
Calculations of CO2 emissions and SAP ratings have been included and modifications 
to basic designs with respect to other energy efficiency measures have also been 
examined. In addition, case study results have been supported with potential energy 
efficiency improvements suggested. 
Conclusion 
Conclusions are drawn and further recommendations are specified regarding the 
case study analysis undertaken in privately rented properties within Sheffield. 
Furthermore, in this section, the UK's domestic sector goa] to reduce carbon dioxide 
emissions, the main greenhouse gas, to 20% below 1990 levels by 2010 and to del i ver 
the required standards have also been discussed with respect to the current conditions 
and energy standards of these privately rented dwellings analysed. 
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Several papers were published as part of the research and these papers are included 
in appendix C. A list of all the appendices is given below: 
Appendix A. Questionnaire, SAP and Feedback Report 
Appendix B. Greenhouse Gases and Energy Conservation 
Appendix C. Publications 
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1 Energy and the Environment 
1.1 Introduction 
This research study is aimed at energy efficiency in housing and potential 
improvements in existing housing in the UK. This chapter outlines energy use and the 
environment on the whole and additionally looks at the history of energy use and 
alternative energy sources in the UK. Renewable energy is also reviewed in order to 
understand why it is essential to replace fossil fuels. Moreover, this chapter considers 
the action that is currently being taken both internationally and in the UK to tackle the 
effects, which our energy use impacts on our environment. 
Energy plays a central role in human life and therefore its demand and use IS 
increasing continuously as the world population increases. Energy sustains life and 
provides the facility that is certainly needed in people's lives. Today, the world is 
facing various environmental problems, which have come to the public 
consciousness. Many of these are largely the result of large-scale fuel use. One of the 
most significant problems appears to be that of 'global warming', a gradual increase 
in the global averaged air temperature at the earth's surface. The majority of scientists 
now believe that global warming is probably taking place, at a rate of around 0.3°C 
per decade, and that it is caused by increases in the concentration of so-called 
'greenhouse gases' in the atmosphere (Houghton, et al., 1990 and] 992). 
Despite the latest draft report from the UN Inter-Governmental Panel on Climate 
Change OPCC) stating that the burning of fossil fuels has contributed substantially to 
the observed warming over the last 50 years, there is still a lobby that believes that 
there is still no definitive answer to the question as to weather the current episode of 
global warming is being driven by human activity or is a fluctuation due to natural 
causes. However, there is widespread evidence that changes in the earth's climate are 
occurring at a rate almost unprecedented. It is the wide scale evidence of anomalous 
climatic events coupled with the rate at which they are occurring that has convinced 
the IPCC scientists that the finger of blame points to human activities rather than 
natural causes (for further details, see appendix B). 
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1.2 Global Warming and the Greenhouse Effect 
There are four main gases that cause global wanning: Carbon dioxide (C02) , 
methane (CH4), the chlorofluorocarbons (CFCs) and nitrous oxide (N20). Carbon 
dioxide 's warming contribution is about 50%, whereas the contribution of methane, 
the CFCs and nitrous oxide are approximately 18%, 14% and 6% respectively. The 
shockingly large contribution of these latter gases is due the fact that methane is 25 
times more effective than CO2 as a greenhouse gas, the chlorofluorocarbons up to 
10,000 times and nitrous oxide 150 times. In contrast, carbon dioxide is more 
important due to the fact that it is integrally bound up with the carbon cycle and our 
use of fossil fuels (Harland, 1995). 
The scientific evidence is growing that man-made greenhouse gas emissions are 
having a noticeable effect on the earth ' s climate. CO2 has played a significant role in 
moderating the increase of the amount of the sun's energy falling on the earth since 
the beginning of life. Globally, seven of the ten warmest years on record were in the 
1990's. In the future, the earth ' s climate could warm by as much as 3°C over the next 
100 years (see figure 1.1). We are in a danger of destroying this delicate natural 
balance by exhausting even increasing quantities in to the atmosphere and the results 
could be catastrophic. During the energy crisis in I 970s, the concern was with our 
diminishing reserves of gas, oil and coal. However today, the concern is to reduce 
CO2 emission, which reaches the atmosphere. For more information on ' list of 
greenhouse gases' and ' how to compare the relative climate effects of greenhouse 
gases', see appendix B. 
Figure 1.1: Relative Warming Effect of Current Emissions of 
Greenhouse Gases over next 100 years. (Met Office 2001) 
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A balance between energy coming in from the sun in the form of visible radiation 
(sunlight) and energy constantly being emitted from the surface of the earth to space 
detennines the temperature of the earth. The energy coming in from the sun can go 
through the atmosphere almost unchanged and warm the earth; however the infrared 
radiation emanating from the earth ' s surface is partly absorbed by some gases in the 
atmosphere and re-emitted downwards. This further wanns the surface of the earth 
and the lower atmosphere. The gases that playa big role in this naturally are mainly 
water vapour and carbon dioxide. An analogy is made with the effect of a greenhouse, 
whjch allows sunshine to penetrate the glass that in turn keeps the heat in , hence the 
greenhouse effect (see figure 1.2) (DEFRA, 2000). 
Figure 1.2: The Greenhouse Effect. (Met Office 2001) 
Without tills natural greenhouse effect, the earth would be over 30°C cooler and 
would be too cold to be habitable. Nevertheless as greenhouse gas concentrations 
increase well above their natural levels, the additional warming that will take place 
could threaten the future sustainability of the planet. For further information about 
scientific and teclmical review on climate research (200011) , visit www.met-
office.gov.uk. 
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1.3 World Energy Use 
1.3. t Background 
Today, modem societies and particularly industrial societies are entirely dependent 
upon the use of large quantities of energy, which are mostly in the form of fossil 
fuels. Energy is regarded as essential for the growing, distribution and preparation of 
foods, used for construction, manufacturing, communication and the organisation of 
other various activities. World's energy use review is always useful in order to 
understand the modern use of energy in our time. Mankind has used wood fires to 
keep warm, to provide light and to cook food for over a million years. Fire was also 
used to extract and work metals, fire clay pots and bricks. Yet again, animals were 
used for traction in agriculture and wind was used to power ships in the 
Mediterranean for over six thousand years ago. The power of wind and water were 
the source of energy used in mills and for many centuries natural forces, such as wind 
and water have been the main source of providing energy for transportation and 
production. These energy sources are still predominant in many parts of the less 
industrialised world. 
It was the industrial revolution, which had crucial impact on changes in energy use 
and introduced the increase in dependence on fossil fuels. After the steam engine was 
invented, which was burning coal and coke fuels; water mills, which were running 
water as the power source, were replaced. Throughout the revolution coal and iron 
ores were plentiful and therefore, crude techniques and inefficient energy use were 
engaged in industrial processes, despite adverse environmental effects, which were 
not fully appreciated. Towards the end of the nineteenth and early twentieth century, 
the electricity and the internal combustion engine, oil and gas as additional fuels were 
developed. Energy was supplied directly from combustion of oil or gas in engines or 
from electricity generated from burning coal, oil and gas or from hydroelectric plant 
(Boyles, 1996). 
The widespread distribution networks of electricity began in countries in the mid-
twentieth century and progressed rapidly to the point that it was almost available 
universally. Industrial culture became entirely dependent on fossil fuel with the 
14 
Chapter t Energy and the Environment 
opening of major oil fields in the Middle East and North Africa. After the Second 
World War, nuclear sources of electricity were introduced as an additional energy 
source and fossil fuels were still seen as inexpensive and plentiful. The use of these 
fuels was mostly inefficient whilst their environmental effects were still largely 
ignored. In the twentieth century, manufacturing has continued to increase, but is no 
longer the largest sector of the economy. Services, particularly communications and 
information processing, have become dominant activities, accompanied by 
developments in support technologies. 
Since the late ] 960's there has been a growing recognition of the environmental 
impact of industrial societies, and especially of the burning of fossil fuels. With the 
oil crises in 1970's, there has been a significant growth in new techniques for making 
more efficient use of energy and providing energy from renewable sources. Major 
reductions in fuel use are now seen as technically possible, simply through care and 
attention to the energy aspects of the design of buildings, equipment and industrial 
processes, and many other methods. The understanding of energy efficiency was only 
beginning to be applied in ] 990's; however, economic constraints have been a major 
difficulty. 
Interest in renewable energy has been growing steadily over the past twenty-five 
years and today only few observers would perceive a future without renewables 
contributing to world energy demand. Yet again, recent studies indicate that 
renewable energy will make a substantial contribution to global energy supplies in the 
longer term. Increased concerns about the environment, particularly the impacts of 
conventional energy systems on global warming has revitalised interest in renewable 
energy technologies, which has little or no net emissions of polluting gases and is 
widely seen as part of the solution. Furthermore, interest in non-conventional energy 
sources, new and renewable energy, also arises from the recognition that the 
commercial forms of energy in popular use today such as liquid and gaseous 
hydrocarbons and solid forms of fossil fuels-represent limited and eventually 
exhaustible resources of energy (Boyle, 1996). 
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1.3.2 Energy Consumption 
Modem societies, particularly industrial societies, are now largely dependent upon 
the use of large quantities of energy from fossil fuels. In 1992, the estimated total 
world consumption of primary energy (in all forms) was approximately 400EJ per 
year, equivalent to some 9500 million tonnes of oil equivalent (mtoe) per year. 
Assuming, a world population of about 5300 million, this gives an annual average 
world-fuel-use equivalent to about 1.8 tonnes of oil per person per year. This IS 
equivalent to about 470 imperial gallons of oil per person per year (Boyle, 1996). 
The magnitude of the energy problem that may face future generations can be 
illustrated by the following calculation: the world's population stood at approximately 
5 billion people, in 1990. The best UN estimates population trend show it continuing 
to increase to around 8 billion by 2025, but stabilising towards the end of the next 
century at somewhere between 10 and 12 billion people. Most of that increase will be 
in the less developed countries (LDCs). Fuels are used at an average rate in the 
developed countries, which is more than six times that in the LDCs (see table 1.1). 
Table 1.1: Increase in Energy Use expected as a result of Population Increases. (Boyle 1996) 
Year Population Total Energy Use Energy Use Per Person 
(Billion) (EJI)j (TW) * (GJ/y) (KW) 
1990 (dev) 1.2 284 9.0 237 7.5 
1990 (Ide) 4.1 142 4.5 35 1.1 
1990 (world) 5.3 426 13.5 80 2.5 
2025 (dev) 1.4 167 5.3 120 3.8 
2025 (Ide) 6.8 473 15.0 69 2.2 
2025 (world) 8.2 640 20.3 78 2.5 
Note: *: Equivalent Continuous Power, dev: Developed Countries, Ide: Less Developed Countries 
It can be seen that the developed countries use nearly twice as much fuel as the 
LDCs, despite the fact that they have less than a third of their population. Given the 
expected population increase, there is still a rise of 50% in the overall level of global 
energy use. 
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A breakdown of world primary energy consumption by source in 1992 is shown on 
table 1.2: Oil is the dominant fuel , contributing some 32%, followed by coal at 23%. 
Coal was once the dominant world fue l, but is now losing ground rapidly to oi l and 
gas, which has a 19% share. Hydroelectricity and nuclear are much less used , at 
around 6% each, with biomass at about 14% (DTI , 1995). 
Table 1.2: Estimated Annual Energy Consumption, 1992. (Boyle 1996) 
Oil 
32% 
Coal 
23% 
Biomass 
14% 
Gas 
19% 
1.4 Energy Use in the UK 
1.4.1 Background 
Gas 
19% 
Nuclear 
6% 
Biomass 
14% 
Coal 
23% 
Nuclear 
6% 
Oil 
32% 
The UK has substantial energy resources, including large reserves of coal, oil and 
gas, which make it self-sufficient. Figure 1.3 below, shows UK energy production and 
consumption between 1960 and 1992. 
Figure 1.3: UK Energy Production and Consumption, 1960- 1992. (OTI 1993) 
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Gas and oil are known as primary sources and all made major contributions to UK 
energy consumption in 1992, as shown in figure 1.4. Additionally, electricity from 
hydro and nuclear plants is known as primary electricity sources, while electricity 
generated by burning primary fuels is known as secondary electricity sources (Boyle, 
1996). 
Figure 1.4: Production and Consumption of Primary Fuels in the UK in 1992. (DTI 1993) 
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1.4.2 Potential Renewable Energy Use 
To understand the importance of renewable energy use and the problem of present 
use of fuels , it is best to look at the energy that is currently used in industrial 
societies. Jfthe UK energy use was to be divided into sectors, the following four main 
sectors can be identified: 
• Transport Sector 
• Domestic Sector 
• Commercial and Institutional Sector 
• Industrial Sector 
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Energy in UK transport sector is dominated by road transport and this accounts for 
about 80% of energy used in this sector, which again is mainly consumed by private 
cars. The main reason for using fossil fuels, particularly oil for transport purposes is 
that they are inexpensive. easily stored in vehicles, widely available and has high 
energy density. 
The main energy use In domestic sector is for space heating, water heating, 
cooking, lighting and electrical appliances. Most of the energy used, around 85%, is 
for low-grade heat, which is at a temperature below about 80°C, for space and water 
heating. This is generally provided directly by high-grade sources, by burning fuels 
directly, or much less efficiently, by electricity from thermal power plants. There are 
now so many examples of housing with low heating requirements that the heat given 
off cooking. lights, appliances and the body heat of the occupants is sufficient to 
supply virtually all their space heating needs. This is again why energy efficiency 
housing is particularly important, as we are facing global warming and other 
environmental problems in our environment. 
The commercial and institutional sector energy use is quite similar to the domestic 
sector, which is currently dominated by space heating, followed by lighting, electrical 
appliances and equipment, air conditioning, water heating and cooking. Then again. 
the energy use in this sector differentiates from building to building. 
The industrial sector varies both within and between countries. Generally the 
largest category of end use energy is process heat, often at high temperatures, as in 
the iron and steel or chemical industries. In this sector the principle approaches to 
improved efficiency start with shifts from more to less energy intensive industries; 
more efficient motors, drives and controls; more careful use of energy-intensive 
materials such as aluminium; shortened process routes, which replace a larger number 
of energy consumption stages by a direct pathway to the end product; yield 
improvements on given process routes; technical changes to raise process 
efficiencies; and greater use of integrated energy technologies such as CHP and heat 
recovery schemes (Boyle, 1996). 
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1.5 Environmental Problems 
The main environmental problems currently loom in the public consciousness arc 
briefly described below: 
1.5.1 Acid Rain 
This is another side effect of burning fossil fuels. Acid rain is a term, which is used 
to describe a variety of processes that might more accurately be referred to as acidic 
deposition. Natural rainfall is slightly acidic due to dissolved carbon dioxide, picked 
up in the atmosphere. Organisms and ecosystems all over the planet have adapted to 
the slightly acidic nature of normal rain, and thus it poses no environmental problems. 
It is an increase in the acidity of rain, caused by human activities such as the 
combustion of fossil fuels, which again has turned acid rain into a problem. Highly 
acidic rain can damage or destroy aquatic life, forests, crops and buildings, as well as 
posing a threat to human health. 
There are basically two ways of reducing acid rain: 
• Emission control technologies can be attached to smokestacks at power 
plants and other industries, removing the acid gases before they are emitted 
into the atmosphere. 
• Another alternative is to bum less high sulphur fossil fuel. Switching to 
alternative sources of energy, or improving the efficiency of our energy 
consuming technologies can accomplish this. 
Ultimately, the most effective methods of reducing acid rain are renewable energy 
and energy efficiency. Renewable energy technologies such as solar and wind energy 
can produce electricity without any emissions of sulphur dioxide or nitrous oxides 
and additionally both have the added benefit that also result in reduced emissions of 
carbon dioxide, the greenhouse gas most responsible for global warming (Houghton, 
et, aI., 1992). 
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1.5.2 Oil Pollution 
Power stations and oil refineries can cause significant visual intrusions and 
produce significant smells and other effluent locally. Although the transportation of 
oil is generally a safe industry, the scale of it and the size of the tankers; means that 
when accidents do occur, they have a large net effect on the environment. For 
example, in 1989 in Alaska, USA about 40 million litres of crude oil spilled into the 
ocean from the supertanker 'Exxon Valdez', which caused massive environmental 
damage (clean up cost over US$2 billion) (http://www.uneptie.org). 
1.5.3 Environmental Sustain ability and Climate Change 
The continual man-made emissions of 'Greenhouse Gases' are resulting in global 
atmospheric warming, local climate changes and sea-level rise with the prospect of 
consequent serious environmental, social and economic impacts. The most 
comprehensive scientific assessment of climate change was conducted by Working 
Group I of the Inter-Governmental Panel on Climate Change, whieh is organized 
jointly by the World Meteorological Organization (WMO) and the United Nations 
Environment Programme (UNEP). For more information on Global Warming and the 
Climate Change, see section 1.2. 
1.6 Renewable Energy 
Renewable energy is the term used to cover the energy flow, which occurs 
repeatedly in the environment and can be harnessed for human benefit. International 
Energy Agency statistics forecast that by the middle of the 2 I st century, renewable 
energy sources could account for three-fifths of the market for fuels used directly and 
two-fifths of the market for fuels used directly, (see table 1.3). It is widely accepted 
within the international scientific community. 
Table 1.3: Direct Fuel-Use for the Renewable-Intensive 
Global Energy Scenario. (Johansson J997) 
J985 2025 2050 
Coal 34.85 41.82 23.64 
Oil 51.81 30.91 17.28 
Gas 38.18 32.73 29.09 
Biomass 0 43.64 56.36 
PVIWind 0 38.18 61.82 
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Making a transition to a ' renewable-intensive ' energy economy wou ld provide 
environmental and other benefits not measured in standard economic accounts. 
Recent studies indicate that by 2025 global carbon dioxide emissions would be 
reduced to 75% of their 1985 levels, provided energy efficiency and renewables are 
both pursued aggressively (see table 1.4). Renewable energy is expected to be 
competitive with conventional energy; such benefits could be achieved at no 
additional cost (Johansson, 1997). 
Table 1.4: World per capita Emissions of CO2 for Renewable-Intensive 
Global Energy Scenario. (Johansson 1997) 
Coal 
Oil 
Gas 
02050 2 
.2025 
01985 Coal 
1985 
4.16 
6.02 
2.06 
2025 2050 
2.94 1.62 
2.06 1.03 
1.03 1.18 
Oil Gas 
The United Nations Conference on Environment and Development (UNCED) held 
in Rio de Janeiro, in June 1992, addressed the challenges of achieving worldwide 
sustainable development. The goal of sustainable development cannot be realised 
without major changes in the world 's energy system. Accordi ngly, 'Agenda 21', 
which was adopted by UNCED, called for ' new policies or programs, as appropriate, 
------------------------------------------------------ 22 
Chapter 1 Energy and the Environment 
to increase the contribution of environmentally safe and sound and cost-effective 
energy systems, particularly new and renewable once, through less polluting and 
more efficient energy production, transmission, distribution and use'. 
1. 7 Passive Solar Energy 
Many different techniques can be used to convert sunlight into useful forms of 
energy. Active and passive solar energy technologies are generally used for space 
conditioning (heating and cooling), while solar electric technologies such as 
photovoltaic cells convert sunlight into electricity. Although the distinction between 
active and passive solar is blurred, the use of integral building components to capture 
the sun's energy is considered passive solar. Active solar technologies are generally 
add-on features, which utilise mechanical means to distribute captured solar energy. 
An example of active solar energy is a solar hot water heater, while passive solar 
features may be as simple as south facing windows. Passive solar features can be used 
to heat and cool buildings, as well as provide light. The best time to incorporate 
passive solar technologies into a building is during the initial design. These features 
can often be included in new buildings without significantly adding to construction 
costs, while providing energy savings of up to 40%. Designing buildings to capture 
the ambient energy of the sun through passive solar features is one of the least 
expensive and most environmentally friendly methods of providing for our energy 
needs (Jefferson, et aI., 1991). 
Each year, an enormous amount of solar energy reaches the earth's atmosphere. 
Much of this is reflected back into space by clouds before it reaches the planet's 
surface. 99% of the sunlight that does reach the ground is converted into heat (the 
other] % is captured by plants through photosynthesis) and radiated back into space. 
If only a small fraction of this energy could be captured, the world's energy demands 
could be met (EMRC, 1990). The capture of solar energy by passive solar 
technologies has almost no negative impact on the environment. Passive solar energy 
gives off no air or water emissions and therefore does not contribute to any of the 
environmental problems such as acid rain and global warming. The sun is an infinite 
and free source of energy, which is 'renewable' and will never become depleted like 
fossil fuels. There is nothing new about using the sun's energy to heat our living 
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spaces; humankind has used passive solar techniques for thousands of years. In many 
countries, inexpensive and plentiful fossil fuels have led to the abandonment of 
passive solar energy. Rediscovering passive solar energy and incorporating 
technological advances can go a long way towards creating a more sustainable energy 
future. 
Direct solar gain, increased thermal mass and attached sunspaces are the most 
common features of passive solar heating. Direct solar gain, the main source of 
passive solar heat, is accomplished by capturing the sun's energy through large areas 
of south facing windows. Window glass is virtually transparent to incoming solar 
radiation. When sunlight strikes the interior of a building, it is converted into heat, 
which is not as readily transmitted back through the glass, thus resulting in a heat 
gain inside the house. Window glass, however, is generally not a good insulator, and 
increased solar heat gain during the day can be offset by loss of heat through 
windows at night. New high efficiency, triple glazed windows with special coatings 
have recently been developed that have such a high insulation value that they are net 
producers of heat even when facing north in the winter (Howes and Fainberg, 1991). 
Solar cooling on the other hand may sound impractical but there are a variety of 
ways in which the sun's energy, although indirectly, can be used to cool the interior of 
buildings. The two most common methods of passive solar cooling are the use of 
vegetation (trees and vines) and natural ventilation (wind). An example of painting 
buildings a light colour to reflect sunlight and keep them cool is also often considered 
to be a passive solar construction technique. 
Daylighting is the use of sunlight to replace electric lighting in a building. There is 
no such technology at the current time capable of storing sunlight for release at a later 
time. Daylighting is therefore most valuable in applications such as office buildings 
where most of the lighting demand occurs during the day. Windows provide light for 
the perimeter of buildings while atria, light-shelves and light-pipes, can transmit 
daylight into the interior of buildings. In combination with electronic 'photo-sensor' 
controls, which adjust electric lights according to light levels, daylighting features can 
drastically reduce the amount of electricity required to light a building. The use of 
day lighting has often been seen as contradictory to the need for keeping a building 
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cool in the summer. Sunshine streaming through a window provides daylight, but is 
also a source of heat. While this heat is valuable in the winter, it can make buildings 
unbearably hot in the summer. An example of new window technologies such as 
films, which let in light but not heat, and 'smart windows' whose transparency can be 
adjusted by an electric current, have helped to reconcile the need for both light, and 
heat in buildings. 
Passive solar energy has the potential to supply a large proportion of energy needs 
for a properly designed building such as house. The best opportunity for using passive 
solar features is in new construction. Before the proliferation of fossil fuels, architects 
usually designed buildings to utilise available solar energy for heating, cooling and 
lighting. Recent advances in technology and building materials have greatly expanded 
the available tools for architects to work with. Passive solar energy, while often seen 
as 'low-technology', represents in many cases, the cleanest and least expensive 
possible source of useful energy for buildings (JCLEI, 1993). 
1.8 Agenda on Climate Change 
1.8.1 The International Framework on Climate Change 
In response to increasing concerns about climate change, the United Nations 
Framework Convention on Climate Change was agreed at the Earth Summit in Rio de 
Janeiro in 1992. Under the Convention, all developed countries agreed to aim to 
return their greenhouse gas emissions to 1990 levels by 2000. 
It was then quickly recognised that the Convention commitments could only be a 
first step in the international response to climate change. Climate prediction models 
showed that deeper cuts in emissions would be needed to prevent serious interference 
with the climate. The Kyoto Protocol was designed to address this issue and was 
agreed in December 1997. Accordingly, developed countries agreed to targets, which 
will reduce their overall emissions of a basket of six greenhouse gases (carbon 
dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur 
hexafluoride) by 5.2% below 1990 levels over the period 2008 - 2012. This was the 
first time these targets would be legally binding and differentiated between Parties to 
the Convention. 
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Under the Kyoto Protocol; the European Union (EU) agreed to an 8% cut in 
greenhouse gas emissions and under a burden sharing agreement amongst its member 
states, the United States (US) agreed to a 7% cut, Japan agreed to a 6%, Russia and 
the Ukraine to return to 1990 levels, and Australia was allowed an 8% increase. 
1.8.2 The UK's Climate Change Programme 
Following the Kyoto Protocol, the UK agreed to a 12.5% cut in greenhouse gas 
emissions below 1990 levels by 2008 - 2012. The Government and the devolved 
administrations also have a domestic goal to reduce the UK's emissions of carbon 
dioxide, the main greenhouse gas, by 20% below 1990 levels by 2010. The UK will 
continue to be committed to working at international level to encourage global 
responsibility and action, not only in relation to climate change, but also more widely 
in terms of the environmental impact of energy generation and use. 
In November 2000, the government with the devolved administrations published 
the UK Climate Change Programme aimed at meeting the UK's Kyoto target and 
moving towards its domestic goal. The programme sets out a far-reaching strategy for 
tackling climate change in the UK. It aims to ensure that the UK moves towards a 
more sustainable, low carbon economy. It puts in place policies that indicate clear 
signals about the changes that need to be made in the longer tenn and outlines a 
variety of measures that will deliver cut in emissions from all sectors of the economy 
for the remainder of this decade and beyond. 
The UK's programme is a significant contribution to the global response to climate 
change and the government estimates the package of measures included in the 
programme could cut the UK's greenhouse gas emissions to 23% below 1990 levels 
in 2010, or 19% in carbon dioxide alone. The government also believes that there will 
be clear benefits for the UK by moving beyond its Kyoto target towards its domestic 
goal. Consultation on the programme has revealed that many businesses agree that 
taking early action and starting the transition to a low carbon economy will bring 
financial and economic gains. The programme includes a flexible, cost effective set of 
policies and measures that will help to achieve these objectives, safeguard the UK's 
competitiveness and also deliver wider benefits for the environment and society 
(DETR, 2000). 
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On the other hand, the Utilities Act 2000 has contributed to the government's 
environmental objectives in a number of ways. It has introduced a power to place an 
obligation on companies to increase the proportion of electricity generated from 
renewable sources. It has transferred from the Office of Gas and Electricity Markets 
(OFGEM) to the government the power to set energy saving targets by encouraging 
consumers to take up energy efficiency improvements. It has also set the framework 
for the government to issue guidance to the Regulatory Authority on its 
environmental and social policies to which the Authority must have regard in making 
its decisions (DEFRA, 2000). 
1.9 Conclusion 
Today, global warming is one of the most serious environmental problems the 
world faces. Floods, storms and droughts in the UK and across the world show 
clearly how vulnerable the countries are to climate extremes and how high the human, 
environmental and economic costs can be. As most of the scientists believe today, the 
climate change is now inevitable, but the worst effects can be avoided if the world 
acts now to reduce greenhouse gas emissions. Although it is now generally 
understood that the extreme weather patterns are probably due to global warming 
caused by increased carbon dioxide emissions to the atmosphere, there is no real 
consensus on how to tackle the problem and reduce emissions. With the media 
attention to environmental concerns, people are becoming increasingly conscious of 
the fact that their lifestyle is affecting the earth's very natural resources and 
environment. This approach also creates a considerable challenge for the energy 
policy and should be based on integrated economic, environmental and social policies 
to ensure that energy resources and use of these resources are sustainable now and for 
generations to come. 
This chapter has looked at energy use and the environment on the whole and 
environmental concerns rose due to global warming and carbon dioxide emissions. 
The recent IPee report has stated that to stabilise the concentrations of e02 
emissions in the atmosphere at the necessary level. a reduction in emissions due to 
human activity in the order of over 60% will be required. Accordingly, buildings have 
been identified as a major source of carbon dioxide emissions and therefore a major 
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contributor to global wanning. In the UK, energy consumed by the building stock 
approaches 50% of the total while transport is responsible for 28% and predicted to 
rise significantly. Domestic energy use represents a large proportion of total national 
energy use and has risen from 25% of the total in 1970 to 30% in 2001. Clearly, 
housing energy consumption is a major contributor to global wanning and has 
become one of the key elements of improving energy efficiency and reducing CO2 
emission in the country. 
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2 Housing Typology in the UK 
2.1 Background 
The development of UK housing history began shortly before the Conquest during 
Nonnan occupation. First dwellings were showing Norman influence. This continued 
with Roman and Saxon times. Roman occupation of Britain had little permanent 
effect on native architecture. Today, in the UK, most of the existing housing stock 
background goes back to early l850s. Many domestic buildings were designed during 
the remainder of the nineteenth century. The early eighteenth century was the time of 
rapid social change and the British population was growing at a furious pace through 
the nineteenth century. 
2.2 Housing Typology 
UK housing can be categorized under four main house types, which are listed 
below: 
1. Purpose-Built Flats 
• Purpose-Built High-Rise Flat 
• Purpose-Built Low-Rise Flat 
• Converted Flat 
2. Bungalows 
3. Detached Houses 
• Detached House 
• Semi-Detached House 
4. Terraced Houses 
• Large Terrace House 
• Medium Terrace House 
• Small Terrace House 
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2.2.1 Purpose-Built Flat 
A flat in a built block that includes cases where there is only one flat with 
independent access in a building which is also used for non-domestic purposes. A 
built flat, which is in a block at least 6 stories high is a High-Rise Flat (see figure 2.1) 
and in a block less than 6 stories high is a Low-Rise Flat (see figure 2.2). 
A flat resulting from the conversion of a house (generally other house types) or 
former non-residential building which includes buildings converted into a flat as well 
as commercial premises (typically comer shops) is a Converted Flat (see figure 2.3). 
Figure 2.1: High-Rise Flats. (DOE 1996) 
2.2.2 Bungalow 
It is a house with all of the habitable accommodation on one floor. Excludes chalet 
bungalows and bungalows with habitable loft conversions, which are treated as 
houses. The name stems from the Indian word "bangla" or "of Bengal" and it was a 
relatively common house type in India. 
Bungalows were particularly popular in Scotland. Partly this may have been 
smaller and Scottish house sizes have traditionally been smaller than those in 
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England, Wales and Northern Ireland (Department of the Environment, 1996). 
Basically, it can be seen as a flat with a garden. 
Figure 2.4: Bungalows. (DOE 1996) 
2.2.3 Detached House 
It is a house where none of the habitable structure is joined to another building 
other than garages, etc (see figure 2.5). There is a type of detached house, Semi-
Detached House, which is attached to one other house (see figure 2.6). 
Figure 2.5: Detached Houses. (DOE 1996) 
Figure 2.6: Semi-Detached Houses. (DOE 1996) 
2.2.4 Terraced House 
It is a house forming part of a block where at least one house is attached to two or 
more other houses. In the UK, especially at the beginning of the nineteenth century, 
terrace houses were the most common middle class urban house type. There are Small 
Terraced Houses, which are relatively small size compare to the large ones (see figure 
2.7) and Medium/Large Terraced Houses, which are with fairly large size compare to 
the small ones (see figure 2.8). 
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Figure 2.7: Sma ll Terraced Houses. (DOE 1996) 
Figure 2.8: Medium/Large Terraced Houses. (DOE 1996) 
Today, in the UK as well as in the world, the development of a more sustainable, 
ecological built environment is one of the major challenges for architects. Sustainable 
buildings are increasing and becoming more important every day. Therefore, energy 
efficient housing should also be included under the main housing typology in view of 
the fact that it has become a significant part of future housing scheme in the UK (see 
following section 2.2.5 for more information about energy efficient house design). 
2.2.5 Energy Efficient House Design 
It is the recent house design scheme that has the environmental concerns added to 
the design and also has major impact on world 's approach to energy efficiency. An 
energy efficient house has many benefits for its habitants: 
• The house is warmer in winter in general. 
• The house has affordable fuel bills even for families on low incomes. 
• The house minimises condensation possibility due to reduced heat loss via 
high insulation and better ventilation. 
• The house is healthy, designed to have a long life and lower maintenance 
costs. 
• The house reduces environmental pollution (e.g. carbon dioxide emissions) 
and this way has less impact on environment. 
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Figure 2.9: An Example of Energy Efficient House Design, 'The Integer House', 
which was developed at BRE Garston in 1998. (http://www.bre.co.uk 2001) 
2.3 Existing Housing and the Profile of the Stock 
According to the National Statistics and Regional Trends carried out in years 1991 
and 1994, there were 24,248,000 total existing number of dwellings in the UK (Office 
for National Statistics, Regional Trends, 1996). The number of dwellings with 
reference to each individually country - in England : 20,219,000, in Wales: ] ,2 J 9,000, 
in Northern Ireland: 600,000, and in Scotland: 2,210,000. 
1981 Country (OOO,s) 
England 18,025 
Wales 1,089 
Northern 502 Ireland 
Scotland 1,970 
Table 2.1: Total Housing Stock in the UK, 1981 - 1994. 
(Office for National Statistics, Regional Trends 1996) 
Increase 1986 1991 1992 1993 1994 
(OOO,s) (OOO,s) (OOO,s) (OOO,s) (OOO,s) 1981 -1994 (%) 
18,883 19,788 19,927 20,070 20,2 19 12.2 
1, 128 1,191 1,20 1 1,2 10 1,2 19 11 .9 
540 573 580 590 600 19.5 
2,050 2,160 2, 175 2,193 2,2 10 12.2 
Rates 
Per 1,000 
Population 
1994 
425 
418 
366 
431 
Furthermore, in England, there were some 20.4 million dwellings In 1996 
(Department of the Environment, 1998). The stock has increased by 649,000 
dwellings since 1991 , some 696,000 dwellings have been added and some 130,000 
have been lost. Of those dwellings added, ] 9,000 were through conversion and/or 
changes of use from non-residential to residential accommodation. The remaining 
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dwellings were new built and almost a ll the new built has been for owner occupation 
or for register social landlords. 
The housing typology profile varies within the UK. Figures 2.10 and 2. 11 below 
illustrate the composition of the housing stock within the UK by type and age: 
Figure 2.10: UK Housing Stock by Type, 1991/1993. (DOE 1996) 
England Housing 
Wales Housing 
2% 8% 
C purpose-built flats 
• semi-detached 
Dterrased 
Cdetached 
• converted flat 
C purpose-built flats 
• semi-detached 
32% 0 terrased 
o detached 
• converted flat 
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Scotland Housing 
2% 
[J purpose-built flats 
38% 
• semi-detached 
o terraced 
o detached 
• converted flat 
23% 
Northern Ireland Housing 
1% 7% 
37% 
C purpose-built flats 
• semi-detached 
Cterraced 
o detached 
• converted flat 
As it can be seen above, there are signjficant differences in the profile of houses by 
type in the UK. Both in England and Wales, semi-detached and terraced houses are 
the most common types of dwelling. In England, semi-detached and terraced houses 
are each accounting for 30% of the stock. In Wales, terraced houses are accounting 
for 34% and semi-detached houses are accounting for 32% of the stock. In Scotland, 
the stock profile is substantially different compare to England and Wales. Only 60% 
of dwellings are houses. Semi-detached houses are the most common type and 
accounting for 23% of all the dwellings. In Northern Ireland dwelling stock is more 
similar to that in England and Wales, with relatively few flats (8%, of which the 
majority are purpose-built). Terraced dwellings are the most common (37%), 
followed by detached houses (31 %) and semi-detached houses (24%) (Leather and 
Morrison, 1997). 
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Figure 2.1 I: VK Housing Stock by Age, 1991 /1993. (DOE 1996) 
England Housing 
Wales Housing 
o pre -1919 
.1919 -1944 
01945 - 64 
01965 + 
o pre -1919 
.1919 -1944 
01945 - 64 
01965 + 
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C pre -1919 
.1919 -1944 
01945 - 64 
18% 01965+ 
23% 
Northern Ireland Housing 
11% 
C pre -1919 
.1919 -1944 
C 1945 - 64 
01965 + 
Then again, if we look at the profile of houses by age, we could easily see that, 
there are considerable differences in dwelling stock. Both in England and Wales 
almost half of the housing stock was built before 1944 with 26% and 33% 
respectively built before 1919. 34% of the dwellings stock in England was built after 
1965 and in addition, in Wales, recently built houses are accounting for 33% of all the 
dwellings. Scotland 's housing stock is slightly newer on average, however in 
Northern Ireland the stock is much more recent, with only 32% built before 1944 
(Leather and Morrison, 1997). 
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The recent statistics of the housing stock in England by dwelling type is also given 
below: 
Table 2.2: UK Hou ing Stock - Dwelling Type by Region , 1996. (DOE 1998) 
Government 
Office Region 
North East 
Yorkshire and 
the Humber 
North West 
East Midlands 
West Midlands 
South West 
East of England 
South East 
London 
England 
(dwellings %) 
21% 
Terraced Semi-Detached Detached Purpose-Built Flat Converted Flat 
36 38 12 13 2 
30 40 15 II 3 
37 33 17 II 2 
25 35 31 8 2 
29 34 21 13 3 
28 27 29 II 4 
28 29 27 12 3 
28 26 28 II 6 
32 16 5 37 II 
30.5 29.8 20.5 14.9 4.3 
Figure 2.12: England Dwelling Types, 1996. (DOE 1996) 
30% 
o terraced 
• semi-detached 
o detached 
o purpose built flat 
• converted flat 
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2.4 Conclusion 
When focused on English housing stock, the highest profiles of houses by type are 
terraced and semi-detached houses accounting for 30% of all the dwellings. In 
addition, 45% of housing stock was built after 1944, which can also be seen as almost 
the half of all the dwellings is relatively recent (DOE, 1998). The table below is 
showing the relationship between dwelling age, tenure, type and energy rating (SAP): 
Table 2.3: England Dwelling Types, 1996. (DOE 1998) 
Dwelling Age Tenure Type Energy Rating (SAP) 
Mill Max 
</0 
00 LA I HA PH Mea" (%) 
Post 1980 00 Terraced 56 2 1 72 
Post 1980 00 Semi-detached 46 18 63 
Post 1980 LA / HA Terraced 47 16 88 
Post 1980 LA / HA Semi-detached 47 16 88 
1965-80 00 Terraced 47 - 13 70 
1965-80 00 Semi-detached 46 -20 68 
1965-80 LA / HA Terraced 43 -3 69 
1965-80 LA / HA Sem i-detached 32 -14 62 
Pre 1965 00 Terraced 36 -23 
71 
Pre 1965 LA / HA Semi-detached 28 -36 
60 
Pre 1965 LA / HA Terraced 33 -19 65 
Pre 1965 PR Terraced 24 -19 
56 
Pre 1965 PR Sem i-detached 13 
-38 47 
1850-1964 00 Semi-detached 33 
-27 69 
Post 1964 PR Terraced 31 
3 54 
Post 1964 PR Semi-detached 31 
3 54 
Note: The minimum and maximum values in the EHCS sample represent statically the range 
covered, on average, by over 99% of dwell ings in the national stock of each type. 
Categorie listed and shaded are below average SAP rating (35). 
Owner Occupied: 00, Local Authority / Housing Association: LA / HA, Private Rented: PR 
0 
2 
0 
0 
2 
I 
I 
7 
5 
II 
8 
18 
40 
5 
12 
12 
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As the table 2.3 shows, there is a variation in the overall energy efficiency (SAP 
ratings) between terraced and semi-detached houses in ]991. In general , the age of 
these dwelling types is the dominant influence together with tenure playing an 
important but secondary role. Moreover, the table is not only showing the mean SAP 
rating for terraced and semi-detached houses, but also showing the distribution from 
the worst to the best by age and tenure. The final column gives the percentage of 
dwellings in each group which have SAP ratings less than 10 and thereby fall within 
the worst of the existing stock. 
Therefore, in order to understand the frequency di stribution of SAP ratings by 
dwelling age and tenure, see table 2.4 below: 
Table 2.4: Comparison between Terraced a nd Semi-Detached 
Housing in England, 1996. (Generated 2000) 
Terraced Housing Semi-Detached Housing 
Dwelling Age Tenure Mean SAP Dwelling Age Tenure Mean SAP Rating Rating 
Post 1980 00 56 Post 1980 00 46 
Post 1980 LA / HA 47 Post 1980 LA / HA 47 
1965-80 00 47 1965-80 00 46 
1965-80 LA / HA 43 1965-80 LA / HA 32 
Pre 1965 00 36 1850- 1964 00 33 
Pre 1965 LA / HA 33 Pre 1965 LA / HA 28 
Pre 1965 PR 24 Pre 1965 PR 13 
Post 1964 PR 31 Post 1964 PR 31 
ole: Categories listed and shaded are below average SAP rating (35). 
Owner Occupied : 00, Local Authority / Housing Association: LA / HA, Private Rented: PR 
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Figure 2.13: Frequency distribution of SAP Ratings by Age a nd Tenure 
of two main House Types in England, 1996. (Generated 2000) 
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To conclude, it could be said that for all tenures on both housing types, the 
dwelling age and form are the important factors (see figure 2.13). These factors also 
determine the heat loss through the building envelope. As the English House 
Condition Survey (EHCS) explains, in England, many older bui ldings have been 
upgraded by the addition of roof and wall insulation (DOE, 1998). Besides, since 
1964, building regulations also require progressively higher insulation standards for 
all new housing. 
Overall , the age of the dwelling is the dominant influence together with tenure 
playing an important but secondary role (see both table 2.3 and figure 2.13). Both the 
table and figure show how the dwelling groups fall neatly into three blocks 
corresponding to the age bands 'post 1980', ' 1965-1980' and 'pre 1965 ' . There are 
only four exceptions to this rule, which can be explained by owner occupied 
properties rising into a higher SAP rating block or dwellings from the rented sectors 
slipping into a lower AP rating block. Also within each block there is a fairly clear 
pattern of owner occupied properties being slightly more efficient than those owned 
by local authorities or housing associations, with private rented dwell ings coming a 
poor third. Moreover, AP ratings frequency distributed on figure 2. 13 hows that 
terraced houses are being superior to semi-detached houses. 
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Furthermore, to summarise, there are 21.1 million dwellings in England with an 
increase of 800 thousand since 1996 and most additions were provided by new-build 
(averaging around 150 thousand each year) although the level of new construction 
continued a longer term trend of decline and was less than half the post-1945 high of 
the mid- to late-1960s. Consequently, there has been little change in the composition 
of the stock and it remains relatively old with 8.1 million dwellings (39%) built 
before 1945, including 4.4 million dwellings (21 % of all) built before 1919 (ODPM. 
2003). 
This again is the recognition that the existing housing profile is in poor conditions 
and has a large impact on the environment given that it occupies the majority of the 
building stock in the country. It is therefore a serious concern and that more and more 
housing is causing the increase of carbon dioxide emission and falling behind 
building required standards, which should make the actual point. 
This chapter has reviewed the housing typology in the UK and looked at the 
conditions of the existing housing stock to determine the int1uences which will affect 
building designers when tackling issues concerning energy efficiency improvements 
and carbon dioxide emissions in these dwellings. In addition, undertaken 
improvements within the last decade, and how poor the conditions were across 
different types of dwellings, households and areas have also been summarised. There 
is more and more revised data being published every five years by the Office of the 
Deputy Prime Minister (OOPM) on housing conditions and undertaken 
improvements. 
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3 Energy and Environmental Assessment Methods for 
Buildings in the UK 
3.1 Background 
As a global matter, environmental issues and good building design have also heen 
increasingly important in the UK for the last twenty years. Therefore, in order to 
accomplish good building design that could contribute considerably to reducing 
pollution and improving the built environment, building energy and environmental 
assessment methods have been developed. These assessment methods for buildings 
identify criteria for a range of issues also concerning the global, national and indoor 
environments. Furthermore, using these methods can help to achieve the following: 
• To provide recognition for buildings, which are friendlier to the global 
environment than normal practice and therefore, help to simulate a market for 
them. 
• To improve the indoor environment quality and occupants' health. 
• To raise awareness of the dominant role which buildings play In global 
warming through the greenhouse effect; in production of acid rain, through the 
burning of fossil fuels for energy; and in depletion of the ozone layer. 
• To reduce today's long-term impact that buildings have on the glohal 
environment. 
• To reduce energy consumption, thus C02 emissions caused by buildings, and 
encourage savings of energy. 
• To provide a common set of targets and standards and accordingly avoid the 
false claims of environmental friendliness. 
• To encourage designers to achieve environmentally eco-sensitive and low 
energy building designs. 
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3.2 Existing Energy and Environmental Assessment Methods 
In the UK, there are nine main methods that have been developed since early 
1980s. Some of these methods are relatively in use today and have also been added to 
the building regulations to improve the building energy usage and increase the 
efficiency in the country. 
The main building energy and environmental assessment methods including 
simulation tools, which have been developed since 1980's are listed below: 
1. BREDEM 
2. SAP 
3. Environmental Standard - BREEAM 
4. NHER 
5. MNV STARPOINT 
6. ENVEST 
7. The Toolkit - The Office Toolkit 
8. APACHE 
9. TAS 
3.2.1 BREDEM 
The Building Research Establishment Domestic Energy Model provides a 
framework for calculation of energy use in buildings. It is an energy model developed 
in 1980s by the Building Research Establishment and adopted by the Energy 
Efficiency Office of the Department of Energy and the Department of the 
Environment to estimate energy costs and potential savings in housing. This model 
assesses the energy use in occupied dwellings and shows that the physical 
characteristics of a dwelling and the lifestyles of the occupants are about equally 
important in determining energy consumption. 
Building Research Establishment Domestic Energy Model exists in a number of 
standardised versions, which differs in technical detail and in the precise requirements 
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for data related to particular application. Some versIOns are de igned to be 
implemented as computer programs while others are defined in such a way that do not 
require the use of a computer. The latest version is a particular development which is 
suitable for calculating SAP ratings in both new and existing dwellings, which can 
also be separated as one of main energy and environmental assessment methods in the 
list given above. 
BREDEM is designed to be easy to use to provide reliable results and as well as 
based on practical experience gained through measurements made in many occupied 
buildings. 
The main aims of this scheme are: 
• To identify the various uses of energy in dwellings. 
• To estimate the annual requirement for each use. 
When space-heating requirements are calculated, all the physical detail s of the 
dwelling, the heating system, internal and external temperatures and the living pattern 
of its occupants are all taken in to account. Other energy uses are estimated from 
average consumptions derived from surveys, which are also appropriate to the 
composition and activities of household. 
Figure 3.1: Various Uses of Energy in Dwellings. (BRE 1988) 
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Figure 3.2: Comparison of Predicted and Actual Fuel Consumptions 
in Different House Types. (BRE J 988) 
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Figure 3.3: Example House; Before and After Refurbishment. (BRE 1988) 
3.2.2 SAP 
Standard Assessment Procedure is the Government's standard system for home 
energy rating, which was published in 1993. The latest edition is SAP 2001 , published 
in December 2001 and operational in the UK. The SAP used to calculate the rating 
based on the BRE Domestic Energy Model (BREDEM), which provides a fTamework 
for the calculation of energy use in dwellings. The first edition (1993) was included as 
one means to satisfy the Building Regulations Part L Domestic Buildings since July 
] 995. The latest edition (2001), on the other hand, calculates the Carbon Index (Cl) 
which can also demonstrate compliance with Approved Document L I (England and 
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Wales) and Technical Part J (Scotland). Standard Assessment Procedure provides a 
manual guide for energy rating of dwellings and to energy etliciency in huildings. 
This manual guide describes the Government's SAP for producing an energy rating 
for a dwelling, which is based on calculated annual energy cost for space and water 
heating. The rating is normalised for floor area and therefore the size of the dwelling 
does not strongly affect the result, which was presented on a scale of 1 - 100: the 
higher the number, the better the standard (SAP 1993). This rating has been changed 
in the latest edition (SAP 2001) to a scale from 1 - 120 with an additional scale of 0.0 
- 10.0 for the Carbon Index, which is based on the annual CO2 emissions associated 
with space and water heating. The method of calculating the rating is set out in the 
form of a worksheet, accompanied by series of tables (see appendix A for more 
information). Therefore, by completing the numbered hoxes in the worksheet, using 
the data in tables as indicated, the SAP calculations can be made. In addition, there is 
a computer program approved for SAP calculations by the Building Research 
Establishment that could also be applicable, such as used in this research (see chapter 
5 for more details). 
The rating obtained for the SAP rating depends on range of factors that contribute 
to energy efficiency such as: 
• Thermal insulation of the building fabric. 
• Efficiency and control of the heating system. 
• Ventilation characteristics of the dwelling. 
• Solar gain features of the building. 
• The price of fuel used for space and water heating. 
The rating is not affected by factors that depend on the individual characteristics of 
the household inhabits in the building such as: 
• Household size and composition. 
• The ownership and efficiency of particular domestic electric appliances. 
• Individual heating patterns and temperatures. 
• The geographical location ofthe dwelling. 
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3.2.3 Environmental Standard - BREEAM 
Environmental Standard, 'Homes for a Greener World', is the first revision of 
BREEAM Version 3/91 for new homes. It uses the experience gained in operating 
BREEAMlNew Homes and replaces and reflects the increase in knowledge and 
understanding of early issues since it launched in 1991. BREEAM/New Homes was 
resulted from joint research between BRE and Municipal Mutual Insurance Ltd. It is 
one of the series of five assessment methods developed for different type of buildings. 
There are other series developed such as Version 1/93: An Environmental Assessment 
for New Offices, Version 2/91: An Environmental Assessment for New Superstores 
and Supermarkets, Version 4/93: An Environmental Assessment for Existing Otlices, 
Version 5/93: An Environmental Assessment for New Industrial Units. 
BREEAM, the Building Research Establishment's Environmental Assessment 
Method, was developed by ECD Energy and Environment with the UK Building 
Research Establishment and introduced in 1990. One of its most important aims is to 
provide guidance on ways of minimising the adverse effect of buildings on the global 
and local environments while promoting a healthy and comfortable indoor 
environment for inhabitants. This assessment method, which is carried out at the 
design stage, is based on readily available and generally accepted information. As it is 
stated in one of 'Building Research Establishment Reports', the method identifies and 
credits designs where specific targets are met. It is not expected that any single design 
will be met all of the target requirements. 
The main aims of this scheme are: 
• To distinguish dwellings of reduced environmental impact in the marketplace, 
• To encourage best environmental practice in building design, operation, 
management and maintenance, 
• To establish criteria and standards going beyond those required by law and 
regulation, 
• To increase awareness of owners, occupants, designers and operators of the 
benefit of environmentally sensitive buildings. 
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Since its launch in 1990, BREEAM has become the UK indu try standard for 
specifying and benchmarking the environmental performance of buildings. 
3.2.4 NHER 
The National Home Energy Rating is a policy tool for Authorities and Housing 
Associations, which calculates the energy perfonnance of dwellings. It is the first 
scheme to receive full governmental approval for the delivery of SAP. The m thod is 
designed in 1990 by the Building Research Establishment in the function of a 
comprehensive system for evaluating the energy efficiency of housing stock . In 
addition to SAP rating, it also delivers accurate running cost rating, CO2 emission, 
building fabric rating, and condensation analysis. 
The NHER has three steps towards establishing and implementing an energy 
policy: 
• Step 1- A Stock Profile - Step ] sets the energy performance of the stock of ° 
(poor) to 10 (excellent) and is based on the total annual running cost. 
Figure 3.4: Energy Performance based on a Scale of 0 (very poor) 
to 10 (very efficient). (Energy Advisory Services 1994) 
/.- 1 Very efficient dwelling 
[Jill Averaa. dwellina built to 1990 rerulations 
IG I Average UK dwelling 
/81 Badly Insulated. poor heating 
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• 
Figure 3.5: Exa mple of Dwelling's Stock Profile generllted 
by the Stock Profiler Software. (Energy Advisory Services 1994) 
NHER 0 I 2 3 .. 5 6 7 8 
Step 2- Priorities and Targets - Once an 'NHER Stock Pro fil e ' is obtained , 
following priorities and targets could be used: 
o Identify priority estates or house types - those with the worst energy 
performance will often show the best return on investment. 
o Establish targets for refurbishment, e.g. an NHER of over 6.0. 
o Establish overall policy goals e.g. all dwellings should have an NHER 
of 4.0 or over by the year 2000. 
• Step 3- Implementation - Once the goals of the energy policy are establi shed, 
the practicalities of implementing the energy policy needs to be add ressed. 
Figure 3.6: Example of NHER's Home Rating with Breakdown Costs and Sav ings; 
Before and After Refurbishment. (Energy Advisory Services 1994) 
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The main aims of this scheme are: 
• 
• 
To aid energy efficient design of new buildings. 
To check affordable warmth targets can be met. 
• To calculate accurate running costs based on actual living patterns if known. 
• To detail costs and savings of refurbishment packages. 
The software delivers many useful indices and ratings including; the Government's 
Standard Assessment Procedure Rating on a scale of 1-100, the National Home 
Energy Rating on a scale of I-tO, the Building Energy Performance Index (BEPI), the 
total CO2 Emissions produced by a house. 
3.2.5 MNV STARPOINT 
MNV STARPOlNT, Home Energy Labelling, is an essential aid to achieving the 
needs and requirements set by the Government and the Housing Corporation, which 
is launched in 1990. It aims to assess existing energy efficient standards in housing, 
identify priority action areas and cost-effective improvements and tests the extent to 
which these improvements can raise the rating and reduce carbon dioxide emissions 
and heating bills. 
MNV STARPOINT is computer software and its products and consultancy 
services are based on the Government's Standard Assessment Procedure. It has been 
given to issue Home Energy Labels bearing the SAP rating, which illustrates the 
energy efficiency of the house on a scale of 1 to 100. The Star grading operates with 
ONE STAR being poor and FIVE STAR excellent. The unique 's'rARPOINT 
Conversion Table' given below illustrates how the SAP rating 1 to 100 is converted 
into the ONE to FIVE star grading. 
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Figure 3.7: STARPOINT Conversion Table for Dwellings' 
Energy Efficiency. (MVN Starpoint. Ltd 1993) 
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rn addition, a home energy label requires a home energy survey, which is simply 
the collection of the information necessary to estimate the cost of the energy needed 
to heat a house and hot water, based on a standard, national heating pattern and 
typical occupancy. The energy survey normally lasts less than 30 minutes. It collects 
information such as dimensions of the property, how it is constructed, insulated and 
ventilated, and what type of heating system and controls are installed. A home energy 
label provides an energy efficiency rating to the property not to the lighting and 
appl iances. 
The main aims of this scheme are: 
• To improve home energy rating of the house. 
• To help reducing harmful CO2 emissions in the environment. 
• To save household money on house 's heating bills. 
• To improve the comfort conditions in the house and therefore make th house 
feel warmer. 
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• To reduce maintenance costs. 
• To add to the value of the house. 
3.2.6 ENVEST 
Environmental Impact Estimating Design Software is the first UK software tor 
estimating the lifecycle environmental impacts of a building from the early design 
stage. The first version is for office buildings and considers the environmental 
impacts of materials used during construction and the energy and other resources 
consumed over the building'S life. ENVEST is developed and launched in early 2000 
by BRE in conjunction with DETR. This is a software tool that helps specifiers 
determining the environmental impact of their construction decisions. Building 
Research Establishment previously used it for internal consultancy. Data is provided 
by the tool and information about the size, fabric and service options for the proposed 
building are entered through input screens. By using minimal input data, ENVEST 
allows designers to instantly identify those aspects of the building, which have the 
greatest influence on the overall impact. All environmental impacts are measured on a 
single points scale called 'Ecopoints' allowing the designer to compare different 
designs and specifications directly. 100 Ecopoints are equivalent to the environmental 
impact caused by one UK citizen in one year. It is extremely easy to use; the 
simplicity of the software belies the wealth of research data on materials, impacts and 
weightings that underpin its calculations. 
In addition, the software has pre-selected default values set on a typical office 
building specifications which can also be edited by the user. Total life cycle 
environmental impact of the building in Ecopoints is also allowing designers to make 
direct comparisons between different designs and specifications. These are displayed 
both numerically and in graphic form. The graphs include total life cycle 
environmental performance of the study building, and environmental impacts 
comparison between the study building and a previously save building. 
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Figure 3.8: ENVEST, Environmenta l Impact Estimating Design Software. (ENVE T BRE 2000) 
Environment.llmpact 
BilE 
The key benefits for users of this software are: 
• Optimises the building form for least environmental impact. 
• Informs choice on main construction materials. 
• Enables the environmental impacts of construction and building operation to 
be balanced over the life of the building. 
• Gives comparisons for different buildings and specifications. 
• Graphically illustrates the environmental credentials of various design options 
to clients. 
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Figure 3.9: Schematic Sketch of the Method to derive the Ecopints 
for a Building Design. (ENVEST BRE 2000) 
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• m,ate ri,Is: 
• bui lcing use 
The environmental impacts of construction encompass a wide range of issues, 
including climate change, mineral extraction, ozone depletion and waste generation. 
Assessing such di fferent issues in combination requires subjective judgements about 
their relative importance. 
Figure 3.1 0: ENVEST, Ecopoints. (ENVEST BRE 2000) 
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Moreover, ENVEST also has great potential to be used as a benchmarking tool. 
UK Ecopoints are derived by adding together the score for each issue, calculated by 
multiplying the normalised impact with its percentage weighting. The annual 
environmental impact caused by a typical UK citizen therefore creates 100 Ecopoints. 
More Ecopoints indicate higher environmental impact. 
3.2.7 The Toolkit - The Office Toolkit 
The Toolkit is a guide for facilities and office managers for reducing costs and 
environmental impact. It examines and evaluates all the aspects of an office-based 
business, which have an environmental impact. Building Research Establishment in 
partnership with PA Consulting Group has prepared the Toolkit in late 1995. This tool 
is not just the direct impacts of energy, water, paper usage and waste management, 
but also commuting, business travel and working from home. In all, it provides a 
complete environmental assessment for your business or office. The Toolkit consists 
of spreadsheets, which are supplied on a 3.5-inch disk and require Microsoft Excel or 
Lotus 1-2-3 software. It is designed to help the busy facilities, building or office 
manager to improve environmental performances and save money. Existing users of 
the Toolkit found that it takes only a few days (typically five days for a 150 person 
office) to get the point where they were achieving significant results. Some large 
organisations have managers responsible for a group of smaller offices such as local 
sales offices and bank branches, which can easily use the Toolkit as well. Therefore it 
can be said that it is also applicable to the small businessman, with one or several 
offices. 
The focus of the Toolkit is the office and everything that is based upon it. It 
includes commuting, business travel and home working as well as the more direct 
impacts of energy, water, paper usage and waste management. In addition, the Toolkit 
includes the environmental impacts of a building based business such as the impacts 
caused by generating the powered used. Within the office, small kitchens, 
laboratories, workshops and computer rooms are also included and this can also be 
applied to most warehouses and shops. 
Furthermore, the Toolkit also covers health and safety topics that can be included 
within the spreadsheet if required. Initial benefits may be up to 20% if not previously 
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taken any environmental initiatives, however, after a little more effort and time it 
should enable to extract more benefits and then to develop a process of continuous 
improvement, gaining 5 - 10% every year. 
Figure 3.11: Recommended Approach to Using 
the Toolkit. (The Office Toolkit BRE & PA Consulting Group 1995) 
ACTION 
implement actio~ 
As the figure 3.11 has shown, the first step is to establish an initial commitment. 
The key decision makers in the business should support the aims of the initial review, 
and all staff should be aware of what is about to happen. It may have been that other 
people should be involved from several parts of the organisation, or even from severa l 
organisations. In order to maximise the gain and make it worthwhile, following steps 
should be considered when using the Toolkit: 
• If you are a tenant, then you need to involve the landlord. Only he can commit 
to significant changes in the building and how it is operated - for example the 
building probably has a centrally controlled central heating system, and waste 
will be collected centrally. 
• If you are the landlord, then you may want to get all the tenants involved. 
Everyone has something to gain, and you can use this approach to develop 
business relationships. 
• If you run a branch office of a large organisation, then office supplies and 
energy may be purchased centrally. 
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• If you are responsible for the facilities or environmental management In all 
organisation with a number of sites, then you will want to invo lve local 
managers. 
Figure 3.12: Example Toolkit Spreadheet 
Completed. (The Office Toolkit BRE & PA Consulting Group 1995) 
TODAY 
ecopoints per kWh for electricity 0.133,3 
electricity cost (£/kWh) OJYlb 0 0 Ox0 x0 
1000 
lamp type ra ting !l usage number consumption (watts) ~ (hrs/yr) in use (kWh/yr) 
fluorescent 40w (4') 58 ?)?)()O 1580 :?<)I\ ,~26 
fl uorescen t 50W (5') 65 ::5:;00 810 rlM I! !"1 
fluorescent 60w (5') 75 :~:x)O :~?() 7D200 
fi lament 40W 40 ??!X) :;0 2700 
-
fi lament 60w 60 2250 110 l '18!X) 
fi lament 100W 100 2250 () 
desk l iRht 
-
11 2250 0 
total !>74P.>?1 0 
benchma rk : kWh per square metre of QD // ecopoints/year 1(,Y1 ~) 1 3~0 treated floor area per year cost (£/year) ?'!';Bf)"/ x0 
Use the Toolkit spreadsheet to fill in numbers, for each section of the reView, as 
displayed on example spreadsheet of fi gure 3.1 2 above and enter guidance notes to 
help estimate numbers where the facts are not readily available. From these numbers, 
the Ecopoints (the environmental impact) and the runnjng costs calculations will be 
performed automatically by the Toolkit programme. 
Figure 3.13: Example Environmental Impact and Running Cost Chart 
on the Toolkit. (The Office Toolkit BRE & PA ConSUlting Group 1995) 
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The key to a successful environmental programme is gaining momentum . Mo t of 
the early actions involve everyone in the office changing their behaviour; particularly 
in switching off lights and office equipment. A carefully planned communication 
programme is needed to ensure that everyone gets the message and gets involved. 
Once the major environmental impacts are discovered, convey these impacts to all 
staff by using a series of training seminars or a poster campaign or an internal 
newsletter (or combinations of these) to generate discussion and lots of ideas on how 
best to get the improvements achieved. Example action summary spreadsheet is 
shown on figure 3.14. 
Figure 3.14: Example Action Summary Spreadsheet 
of the Toolkit. (The Office Toolkit 8RE & PA Consulting Croup 1995) 
ACTION SUMMARY 
At the end of the implementation period, the actions shouJd be reviewed in order to 
know what has been achieved, where things could be improved and what to tackle 
during the next period. At this stage, it is a second cycle of the process to continuous 
improvement. 
3.2.8 APACHE 
The Applications Program for Air-Conditionjng and Heat Engineers is a software 
tool for thermal design and energy simulation related to buildings, which was 
originally developed by Facet Ltd in 1981 and bought by Integrated nvironmental 
Solutions (rES) Ltd. In design mode, APACHE covers the calculation of heating, 
cooling and latent room loads, the sizing of room units, internal comfort analysis and 
codes/standards checks. In simulation mode, APACHE performs a dynamic thermal 
simulation using hourly weather data. Linked modules deal with the performance of 
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HVAC plant and natural ventilation. APACHE is a component of the lES Virtual 
Environment (see figure 3.15), an integrated computing environment encompassing a 
wide range of tasks in building design such as listed below: 
• Thermal design (heating, cooling and latent load calculations). 
• Equipment sizing. 
• Codes and standards checks. 
• Dynamic building thermal performance analysis. 
• Systems and controls performance. 
• Energy use. 
APACHE covers a wide range of requirements from basic design to detailed 
simulations of HVAC systems. Apache-HVAC is used to create HVAC system 
schematic models, subsequent to creating a building model using the IES building 
modeller ModelIT. The building models together with the HVAC system schematic 
are used as the data source for APsim. APsim HVAC system simulation may be used 
to estimate the expected fuel consumption of the building's space heating and cooling 
systems. It may also be used to examine in detail the expected performance of an 
HVAC system and controls under a range of operating conditions. The APACHE 
software suite incorporates Chartered Institution of Building Services ngmeers 
(CIBSE) facilities for performing fabric analysis; heat loss and heat gain calculations 
and thermal simulation. 
Figu re 3.15: APACH E - Thermal Design and Energy 
Simulation Sotware. (APACHE IES Ltd 2000) 
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Geometrical models may alternatively be entered using facilities within the Virtual 
Environment. Input of data relating to materials, occupancy, internal gains, climate, 
air movement and systems is managed via graphical interfaces and supported by 
extensive databases. APACHE presents a wide range of outputs in tabular and 
graphical form. 
3.2.9 TAS 
Thermal Analysis Software is a suite of computer software products, which 
simulate the dynamic thermal performance of buildings and their systems. 
Environmental Design Solutions Limited (EDSL) was formed in ] 989 to 
commercially develop TAS. The main module is TAS Building Designer, which 
performs dynamic building simulation with integrated natural and forced airflow. As a 
secondary module, it has 3D graphics based geometry input that includes a CAD link . 
TAS Systems is a HVAC systems/controls simulator, which may be directly coupled 
with the building simulator. It performs automatic airflow and plant sizing and total 
energy demand. The third module, TAS Ambiens, is a robust and simple to use 20 
CFD package which produces a cross section of microclimate variation in a space. 
TAS is a complete solution for the thermal simulation of new or existing buildings. 
allowing design professionals to compare alternative heating/cooling strategies and 
fa«;ade design for comfort, equipment sizing and energy demand. 
Figure 3.16: T AS - 3D Modeller, a Thermal/Energy Analysis Module. (T AS EDSL Ud 1999) 
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It is also a very responsive and accurate tool for concept development while being 
a powerful design tool for the optimisation of a buildings environmental , en rgy and 
comfort performance. With TAS 3D Modeller (see figure 3.16), rendered 3D views 
that display comprehensive shading can be created and even calcu late sun hine 
penetration through the interior of the building between spaces. 
Construction materials and glazing types can be allocated from the comprehensive 
databases included in the software. These have their dynamic response automatically 
calculated in the model. The occupation of the building is represented by a calendar, 
with different day types having varying schedules of use. The final ingredient that 
brings the building model to life is the climate data used to drive the simulation. TAS 
has access to over 2,500 recorded weather sites worldwide. The data consists of 
hourly values for solar, temperature, humidity and wind speed and direction . 
Figure 3.17: Lighting Simulation and Luminance Lux Levels with TAS. (TAS EDSL Ltd 1999) 
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TAS exports the various constructions and glazing types with their original lAS 
colours and these can be edited within Lightscape to enhance the appearance of the 
building's interior finishes. The sky conditions can be specified and the building can 
be located anywhere in the world for any date and time. From this, the lighting 
simulation is completed and a photo-realistic model of the whole building is created. 
The model can be viewed from any position and used to generate fly-through 
animations. Day lighting analysis can be performed on the rendered model to 
determine the daylight levels on any of the internal surfaces. In addition, luminance 
lux levels can also be displayed numerically with contour lines or via colour mapped 
images representing lux level banding as shown on figure 3.17. 
3.3 Summary 
In this chapter, existing energy and environmental assessment methods for 
buildings in the UK has been reviewed and compared in order to assist people 
choosing the right method for the building energy study and environmental impact 
assessment. As stated earlier in the chapter, tool and techniques looked at are the main 
energy rating and environmental impact analysis methods currently used in the 
country. 
The following comparison shown on table 3.1 has not been prepared to justify that 
there is only one method to be used, which would be the best method for the purpose, 
but to describe each method in more detail and therefore help users make decisions 
easier. As it can be seen, each method has its unique way of assessment, some may 
even cover issues that others may not, and therefore it is worthwhile to use more than 
one method. Architects, designers, environmental/energy consulting firms, 
authorities/clients, quantity surveyors, and research universities presently usc these 
methods. 
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Table 3.1: Comaprison of Existing Energy and Environmental 
Assessment Methods for Buildings in the UK. (Generated 2001) 
!- !-~ ~ Z !-
-~ < a: - rIl ~ c.. 0 
COMPARISON ISSUES Q < ~ 
~ ~ "'-l ...:I ~ rIl ~ ::c > 0 a: a: z < z 0 
= = !-
"'-l !-
rIl 
Produces an energy rating for a dwelling No Yes Yes Yes Yes Yes Yes 
Suitable for calculating SAP ratings Yes Yes No Yes Yes No No 
Provides a framework for calculation of Yes No Yes No Yes Yes Yes 
energy use in buildings 
Estimates energy costs and potential Yes Yes Yes Yes Yes Yes Yes 
savings in housing 
When calculating energy costs, takes into 
account thermal insulation ofthe building 
envelope as well as the efficiency and No Yes No Yes No Yes No 
control o[the heating and hot water 
systems and the ventilation characteristics 
of the dwelling 
Estimates the solar gain features of the 
building and the priee of fuel used for No Yes No Yes Yes No No 
space and water heating 
Includes energy used for lighting and No No No No No No Yes 
appliances 
Consists of a worksheet that calculates the 
space and water heating energy 
requirement of a dwelling. and a rating No Yes No Yes Yes No 
Yes 
that is based on fuel costs rather than 
primary energy use or CO2 emissions 
Provides simple means of reliably Yes 
estimating the energy efficiency Yes Yes No Yes Yes 
Yes 
performance of dwellings 
Enables the levels of energy efficiency in No Yes No Yes Yes Yes Yes 
buildings to be compared. 
Additionally taking into account CO2 
emissions resulting from energy use in 
dwellings; CFC and HCFC (hydro 
chlorofluorocarbon) emissions; natural 
resources and recycled materials: storage 
of recyclable materials; water economy: No No Yes Yes Yes Yes No 
the ecological value of the site; 
ventilation; volatile organic pollutants of 
indoor origin: wood preservatives: man-
made mineral fibres: asbestos and lead: 
lighting; smoke alarms; storage of 
hazardous substances 
~ 
::c rIl U < < !-c.. 
< 
Yes Yes 
No No 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
Yes No 
Yes No 
Yes Yes 
Yes Yes 
Yes No 
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Provides guidance on ways of minimising 
the adverse effect of buildings on thc 
global and local environments while No No Yes No Yes Yes Yes Yes Yes 
promoting a healthy and comfortable 
indoor environment for inhabitants 
Based on readily available and generally 
accepted information - establish criteria 
and standards going beyond those 
No No Yes No No Ycs No No No 
required by law and regulation 
Covers issues such as global, local and No No Yes No Yes Yes Yes Yes Yes 
indoor 
Provides a common rating for the new and 
existing buildings and otTers greater No Yes Yes Yes Yes Yes Yes Yes Yes 
flexibility in benchmarking building 
portfolios 
Encourages greater use of public transport 
and cycling, while discouraging the use of No No Yes No No No Yes 
No No 
private cars for commuting 
Provides the environmental assessment of 
materials as a major addition. green guide 
to specification and an environmental 
profiling system for building materials 
No No Yes No No Yes No Yes No 
and components 
Produces a simple scale rating for 
material's life expectancy and No No Yes No No Yes 
No Yes No 
recyclability 
Provides applicable ratings in both new Yes Yes Yes Yes Yes Yes Yes Yes 
Yes 
and existing dwellings 
Software based program No Yes Yes Yes 
Yes Yes Yes Yes Yes 
To summarise, it is suggested that using more than one method at a time would 
help achieving better results as some of these energy and environmental assessment 
methods cover whole range of issues considering energy rating and environmental 
impact assessment of a building. 
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3.4 Conclusion 
As widely known, there is more than twenty years of research background that has 
produced broad understanding of the implications of the energy use and helped 
increasing the number of energy efficiency strategies and technologies with 
significant potential for energy savings in the UK. Building energy and environmental 
assessment methods described in this chapter are designed and developed to assess 
energy consumption of buildings and building designs against a range of 
environmental issues covering impacts on the environment. 
These methods are not only covering a large part in research background achieved. 
but also playing an essential role in increasing awareness of the importance of energy 
efficiency in buildings today and encouraging energy conscious building design 
throughout the country. In addition, some of these main assessment methods, such as 
SAP and NHER, have been added to the building regulations to improve energy 
efficiency in buildings and reduce carbon dioxide emissions caused by existing 
building stock. Nevertheless these strategies and technologies have not been 
effectively transferred to the building design community, as recent studies suggested 
that the profile of the existing housing stock has remained with little change since 
1996, which has already been stated in chapter 2 (OOPM, 2003). 
Against this background, my research advocates that more emphasis should he 
paid to encouraging property developers to design energy conscious buildings and 
property owners to implement energy efficiency improvements in existing buildings. 
Today, while being one of the most important issues, sustainable development is 
forever on the agenda and therefore this knowledge gap should be rapidly bridged. 
Moreover, the building regulations and associated policies could be more effective 
and efficient in this matter and the use of energy ratings should enable decision 
makers to take energy efficiency into account on a rational basis when designing new 
dwellings or refurbishing existing ones. For building professionals, ratings can be 
used as a design tool to optimise energy efficient building design. 
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4 Energy Consumption in Domestic Buildings 
4.1 Introduction 
All societies including both developed and less developed countries are dependent 
on energy for their existence. Today, the consumption of energy is costly and 
degrades the environment and therefore its use should be reduced. [n the UK, the 
domestic sector is one of the main consumers of energy and accounted for 29% of the 
total primary energy consumption in the country (see figure 4.1). 
In view of the fact that buildings (both domestic and commercial buildings) 
accounted for the largest proportion of UK's energy consumption, they should be 
considered as one of the highest priorities when it comes to reducing the overa ll 
energy consumption in the country and meeting required targets. According to the 
statistics, the UK domestic sector energy consumption has increased by 32% since 
1970 and by 19% since 1990. In addition, since 1990 factors affecting domestic 
energy consumption such as the number of households has increased by 10%, 
population has increased by 4% and household disposable income has increased by 
30% (DT!, 2002). 
Figure 4.1: Breakdown of UK Energy Consumption and 
Domestic Only Energy Use. (Shorrock and Walters 1998) 
transport other consumers 
domestic only 
cooking appliances 
(7%) (8%) water heating 
space heating 
(61%) 
(22%) 
Environmental damage caused by carbon dioxide emitted during energy use, 
combined with the more basic issue of cost has made energy conservation the central 
theme of sustainable development. In this chapter, energy consumption in domestic 
buildings and strategies for energy efficiency design have been reviewed for the 
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purposes for identifying the domestic sector energy use and the drivers of energy 
consumption in this sector, which can eventually help bring down the energy being 
consumed. 
4.2 Domestic Sector Energy Use 
Today in the UK, almost 30% of the carbon dioxide produced is being caused 
directly or indirectly by the use of energy in dwellings (see figure 4.1) and as a result. 
it is clear to state that the way we use energy is extremely inefficient. If all energy 
efficiency measures outlined in this research were to be carried out the amount of 
CO2 produced could have been reduced by 60 - 80%. Moreover, if we were also to 
change our lifestyle and use renewable energy sources we could reduce the CO2 
emissions even further. 
Services and systems installed within dwellings use energy to create a comfortable, 
safe, healthy and productive environment. These services and systems are as follows: 
• Space Heating 
• Water Heating 
• Lighting 
• Cooking 
• Other Appliances 
Each dwelling should be considered as a total system (see table 4.1) and by doing 
so, the way energy is being used can be studied and therefore the ways we can reduce 
CO2 emissions can also be worked out. The following steps can help save energy and 
therefore carbon dioxide emissions can be reduced in each dwelling: 
• Choosing the sources of energy emitting the least amount of carbon dioxide. 
• Finding the most efficient ways of using energy in heating systems, lighting 
and other appliances. 
• Conserving the heat in dwellings through draught proofing, ventilation control 
and insulation. 
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The main issue is not improving the overall energy effi ciency of a dwelling but the 
resources that can be directed to the task and how far to go with each measure to 
achieve the efficiency levels. 
Table 4.1: Dwelling as a Total System. (Action Energy 2002) 
Input Use Output 
(sources of ener2Y) (and misuse) (loss) 
Fossil Fuel Gas Space Heating Draught, Ventilation 
Oi l Water Heating Hot Flue Gases 
Coal Lighting Heat Loss through: 
Electricity Electricity Walls and Windows 
Biomass: Wood Appliances: Cooking Roof 
Solar Energy: Passive Solar Energy: Washing Floor 
Active Human Metabolism Waste Warm Water 
Food 
The majori ty of energy consumed in the domestic sector is for space heating, 
which accounted for 58% of all delivered energy consumed in 2000 (see fi gure 4.2). 
Space heating in any year is largely dependent on outside temperatures, which 
explains the year-to-year fluctuations, although increases in internal temperatures, the 
growth in central heating and the increased number of households have all 
contributed to the increase over the period 1970 to 2000, despite the increased 
presence of insulation. The other major areas of energy consumption in the domesti c 
sector are for heating water, for lighting and appliances and for cooking. Between 
1970 and 2000, energy consumption in lighting and appliances increased by 157%, 
while energy use in cooking has fall en by 16% (DTI, 2002). 
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Figure 4.2: Domestic Final Energy Consumption 
by End Use, 1970 to 2000. (Shorrock and Utley 2003) 
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The fall in energy consumption in cooking is partly explained by a change in 
lifestyle. More convenience foods are now consumed and people eat out more 
frequently than in the past. The average person in 2000 spent £7.36 per person per 
week on food and drink consumed out of the house. In addition, excluding alcoholic 
drink, expenditure on eating out has increased by 13% in real terms since 1994, whilst 
household food and non-alcoholic drink purchases fell by 2% (OTI, 2002). 
Space and water heating require heat, which is produced by converting the 
chemical energy in gas, oil or coal to thermal energy by combustion in a heating 
appliance. The remaining services require electricity, which can also be used to 
provide space and water heating, however is somewhat costly. In the UK, the majority 
of electricity is produced in power stations from steam or gas turbines driven by the 
combustion of fossil fuels. Smaller quantities are generated from nuclear power and 
renewable energy sources (see chapter 1). 
4.3 Embodied Energy and Materials 
When considering energy consumption in buildings, it is important that not only 
the energy consumed during the life of a building has to be considered, but also the 
extent to energy involved in the extraction, manufacture and transportation of 
building materials should be taking into account. This is known as the 'embodied 
energy' and directly relates to the gross carbon intensity of a material. The overall 
environmental credentials of a building are affected by a number of factors, which are 
as follows: 
• Energy used over its estimated lifetime. 
• Energy used in the construction process. 
• The extent to which recycled materials have been used. 
• The presence of pollutants in a material such as volatile orgamc 
compounds (VOCs). 
• Toxic substance used in the production process. 
• Energy used in demolition. 
• Level of recyclable materials at demolition. 
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• Materials used in refurbishment. 
Currently, it is known that a building consumes much more energy during its 
lifetime than is involved in extraction, manufacture and transportation. However, it is 
usually the case that the embodied energy will be significant fraction of the total. as 
buildings become more energy efficient. As seen earlier in this chapter, domestic 
buildings account for almost 30% of the total primary energy consumption in the UK 
and therefore the embodied energy of a dwelling has to be considered in achieving 
best results in overall energy efficiency. 
4.4 Energy Efficiency Basics 
In housing, energy efficiency means using less energy for heating, cooling, and 
lighting. It also means buying energy saving appliances and equipment for use in a 
house. An important concept for energy efficiency in housing is the building 
envelope, which is everything that separates the interior of the dwelling from the 
outdoor environment: Doors, windows, walls, foundation, roof and insulation. All the 
components of the building envelope need to work together to keep a dwelling warm 
in the winter and cool in the summer. Insulation, for instance, will be less effective if 
the roof, walls and ceiling allow air to leak in or allow moisture to collect in the 
insulation. 
Various approaches can help improve the building envelope, such as wall 
insulation can reduce heat loss through walls by up to 80% and draught stripping 
badly fitted windows and doors can also reduce heat loss. In addition double-glazing 
increases comfort and reduces condensation. Even low-emissivity glass further 
enhances these benefits and Can significantly improve a dwelling's energy etTiciency. 
Heating and cooling systems typically use the most energy in the domestic sector. 
In housing, the addition of efficient controls, like a programmable thermostat, can 
significantly reduce the energy use of these systems. Some dwellings can also use 
zone heating and cooling systems, which reduce heating and cooling in the unused 
areas of a house. 
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Both heating water more efficiently and reducing hot water use can reduce the 
energy consumed to heat water. A wide variety of fixtures, such as low-flow 
showerheads and faucet aerators, can also reduce hot water use. In a house, an older 
water heater can be replaced with a newer, more energy-efficient one, and thc watcr 
heater and hot water pipes can be insulated to minimise heat loss. 
Today, most common appliances and electronic devices are available in encrgy-
efficient models, from washing machines and refrigerators to copiers and computers. 
Several energy-efficient lighting options, such as compact fluorescent light bulbs, are 
also available. There are ways to determine how energy efficient a dwelling really is 
and, if needed, what improvements can be made. Homeowners can conduct simple 
energy audits on their homes or have professional audits done. 
Energy efficiency standards in a house could be more desirable to the occupants 
than an equivalent higher energy consuming dwellings. In addition, the maintenance 
costs are reduced due to less energy consuming devises installed and the effect is seen 
as an immediate reduction in gas and electricity bills. However, the reductions in bills 
are often not as large as predicted. This is because the dwelling occupants use the 
opportunity for lower fuel bills to obtain an improvement in thermal comfort 
conditions. It is well known fact that homes can be better heated yet still have lower 
fuel bills. Improvements in temperatures also have an effect on health (Action 
Energy, 2002). 
Figure 4.3: Energy Efficiency Basics. (Action Energy 2002) 
• 
4,5. fleating 
and/or cooling 
appliances 
3. F rec energy 
6. lIeat 
I recovery 
I 
2. Fabric and 
venti lation 
heat losses 
________________________________________________ 79 
Chapter 4 Energy Consumption in Domestic Buildings 
There is a well known approach, which is to first reduce the demand for energy 
then make use of natural energy flows and finally supply energy that is needed in an 
efficient and well controlled manner (see figure 4.3). The order to energy efficiency is 
therefore: 
1. Site and orientate the house in a microclimate by choosing an appropriate site 
or using landscaping techniques to modify the climate. 
2. Minimise fabric and ventilation heat loss rates. 
3. Optimise any free sources of energy such as solar gains, daylight or natural 
ventilation. 
4. Select the energy consuming plant to be as energy efficient as possible. 
5. Control the energy consuming plant so that it operates only when required and 
to the level required. 
6. Recover waste energy where viable. 
4.5 Reducing Energy Consumption 
While there are a number of important dimensions to the concept of sustainability, 
it is largely used in reference to sustaining the balance and health of the environment; 
the greatest threat to our environment today being climate change associated with 
emissions of greenhouse gases. Under the Kyoto Protocol, the European Community 
agreed to an 8% cut in greenhouse gas emissions and under a burden sharing 
agreement amongst its member states, the UK agreed a cut of 12.5%. Both the UK 
government and the devolved administrations also have a domestic goal to cut the 
emissions of carbon dioxide, the main greenhouse gas, to 20% below 1990 levels by 
20 10 (DETR, 2000). It is accordingly believed that there will be clear benefits for the 
UK by moving beyond its Kyoto target towards its domestic goal. Taking early action 
and starting the transition to a low carbon economy will therefore bring financial and 
economic gains. The UK's Climate Change Programme includes a flexible, cost 
effective set of policies and measures that will help to achieve these objectives that 
will safeguard the UK's competitiveness and that will also deliver wider benefits for 
the environment and society. 
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Achieving emissions reductions associated with energy use in the domestic sector 
will inevitably mean reducing energy consumption. This itself must be considered as 
a significant challenge given that the domestic energy sector is a growing market 
(both gas and electricity consumption in the domestic sector has grown by 8 - 10% 
over the last 5 years (DTI, 2002)) and perhaps most importantly, a competitive supply 
market where unit prices have been steadily falling; reducing the incentive and 
economic benefits of energy efficiency. The methods used by the UK government can 
be broadly categorised as fiscal, legislative and technical, and briefly explained 
below: 
4.5.1 Fiscal 
Taxation can be used to penalize the use of energy or reward the purchase of 
energy saving devices. The 'Climate Change Levy' (CCL) is a major new encrgy-
related tax that came into operation in 2001. It is an energy tax, which applied to the 
business and public sectors and aimed to discourage energy use by increasing the cost 
of fuels. Moreover, it makes purchases of energy saving devises and systems more 
cost effective. Some fuels are exempt from the levy such as renewable energy and 
combined heat and power (CHP) output. 
Taxation is a punitive method of encouraging energy efficiency but there is also 
enchased capital tax allowance available for energy efficiency equipment such as 
CHP systems, efficient boilers, pipe insulation, variables speed drives and low energy 
lighting systems. These enhanced allowances allow the full cost of the devices to be 
written off over one year instead of over approximately eight years, which is normal 
for most capital items. 
4.5.2 Legislation 
Conservation of fuel and power is included within the building regulations, which 
are enforceable by law. In the past the regulations have concentrated on reducing the 
space heating energy use of buildings, however, it now includes lighting, ventilation 
and air-conditioning with an excepted tightening of standards in future years. 
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4.5.3 Technical 
There are a number of improved technologies that can be used to reduce energy 
consumption and CO2 output whilst maintaining existing levels of thermal comfort, 
ventilation and lighting. 
Renewable energy sources, such as wind, solar, biomass and hydroelectric power 
stations, can be used to displace fossil fuel and nuclear generation. Currently, 
renewables are not cost competitive when compared to fossil fue l generated 
electricity and are often rejected due to environmental concerns. 
Energy efficiency basics can generally achieve cost effective energy savings as 
great as 40 - 60% in existing housing with poor fabric and services. These savings can 
be achieved often at little or no extra cost if energy efficiency techniques are 
integrated during refurbishment or at the design stage. 
As an example, savings due to better insulation and heating efficiency is shown on 
figure 4.4 over the period 1970 to 2000. The combined savings from insulation and 
heating efficiency improvements reduced domestic space heating energy consumption 
to about 48% in 2000. It is calculated that without insulation energy consumption 
would have been 59% higher by 2000 (DTI, 2002). 
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4.6 Home Energy Conservation Act 1995 
The Home Energy Conservation Act (HECA) 1995 set a target of 30% 
improvement in domestic energy efficiency to be achieved by 20 I O. It came into 
effect from April 1996 and required every UK local authority with housing 
responsibilities - 'Energy Conservation Authorities' - to prepare, publish and submit 
to the Secretary of State an energy conservation report identifying practicable and 
cost-effective measures to significantly improve the energy efficiency of all 
residential dwellings in their area; and to report on progress made in implementing 
the measures. 
Figure 4.5: The Effect of Energy Efficiency Improvements 
on Energy Consumption. (Shorrock and Utley 2003) 
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Significant improvements are therefore possible in both public and private sector, 
providing appropriate resources are made available to local authorities and regi stered 
social landlord/landladies. To a large extend, the financial resources required to meet 
this target need to come from private homeowners, since 70% of housing belongs to 
the private sector (ODPM, 2001). There is local authority investment within the 
private sector, which will be targeted primarily at low income and other households at 
risk from fuel poverty and undertaken as part of local authority's private sector 
renewal activity. There are also sources of external grants available, which could be 
actively promoted by the local authority. Furthermore, energy efficiency is an 
important priority for the local authorities in their investment and maintenance 
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strategies for public sector and therefore they will continue to support measures that 
help the provision of affordable heating to all households. 
4.7 Conclusion 
Given the value of energy efficiency basics and techniques to producing bettcr 
buildings and reducing environmental impact, it is the duty of professionals in thc 
construction industry to recommend energy efficiency solutions whenever alternative 
choices occur. This must also be supported with increasing legislation by government; 
in recognition of the importance of energy issues have introduced legislation that 
aims to reduce building energy consumption. 
The UK government's target is to reduce greenhouse gas emissions in the country 
to a level that is 12.5% less than 1990 levels by 2008 - 2012, with a desire of 
extending this to a 60% reduction by 2050. Architects, building services engineers 
and other construction specialists can assist in meeting these targets by making 
energy conservation a consideration in all design decisions. Additionally, 83% of 
energy used in a domestic building is consumed for space and water heating (sec 
figure 4.2) and therefore a household's total energy consumption is largely related to 
the efficiency of its heating system, levels of insulation and draught stripping (OTI, 
2002). 
It can be said that the reduction of energy consumption in domestic buildings and 
consequently the effective refurbishment of dwellings for energy efficiency relies on 
improvements in these key areas. Energy efficiency improvements in existing housing 
stock have made an impact on energy consumption since 1970 and it has been 
calculated that without these improvements, energy consumption would have been 
46% higher by 2001 (see figure 4.5) (Shorrock and Utley, 2003). However, 
opportunities to make much greater improvements to energy efficiency and therefore 
to reducing energy consumption still remain. 
This chapter outlines energy consumption in domestic buildings and determines 
potential improvements in this sector to help the UK meet its international 
commitment. If energy efficiency improvements in domestic sector were to be 
accelerated both by professionals and the government, overall carbon dioxide 
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emissions could be radically reduced. Thus, improving energy efliciency and 
reducing CO2 emissions in this sector is not only going to help the country achieve its 
target, but also tackle vital issues, such as fuel poverty, non decent homes, excess 
winter deaths, etc. This will also raise awareness in sustainable and energy etlicient 
building design in the UK. 
Furthermore, sustainable design has become an important issue and to achieve this 
there must be a significant reduction in C02 emissions and the amount of energy 
consumed in buildings. The following chapter focuses on case studies carried out 
within private housing sector that examines energy related problems and determines 
potential improvements for energy efficiency in the domestic sector. 
4.8 References 
Action Energy (2002) Low Energy Design, Interface Publishing. 
AERE and ETSU (1994) An Assessment of Energy Renewable Energy for the UK, 
HMSO. 
Boyle, G (1996) Renewable Energy: Power for a Sustainable Future, Oxford 
University Press. 
BRECSU and ESTU (1999) Cavity Wall Insulation - Unlocking the Potential in 
Existing Dwellings, HMSO. 
BRECSU and ESTU (1999) Refurbishment of Post-War Low Rise Housing, HMSO. 
Burton, S. et al (1993) Passive Solar Study: Existing Passive Solar Contributions in 
Buildings, ETSU. 
CIBSE (1998) Guide F: CIBSE Energy Efficiency Guide, CIBSE Publications. 
CIBSE (1999) Guide A: Environmental Design, CIBSE Publications. 
DETR (2000) Climate Change: The UK Programme, HMSO. 
DETR (1998) General Information Report 53, Building a Sustainable Future: Homes 
for an Autonomous Community, The Stationery Office. 
________________________________________________ 85 
Chapter 4 Energy Consumption in Domestic Buildings 
DETR (1999) Good Practice Guide 272, Lighting for People, Energy Etliciency and 
Architecture, BRECSU. 
DETR (2000) The Building Act 1984: Building Regulations - Proposals for 
Amending the Energy Efficiency Provisions (Part L), HMSO. 
DTI (2002) Energy Consumption in the UK, Department of Trade and Industry. 
Evans, R. D. (1990) Energy Use and Energy Efficiency in the UK Domestic Sector 
up to the year 2010, HMSO. 
Howes, R. and Fainberg, A. (1991) The Energy Sourcebook: A Guide to 
Technology, Resources and Policy, American Institute of Physics. 
Lowe, R. J. (2000) Defining and Meeting the Carbon Constraints of the 21 st Century, 
Building Research and Information, Vol. 28, No.3, P. 159 - 175. 
Olivier, D. and Willoughby, J. (1996) Review of Ultra-Law-Energy Homes. General 
Information Reports 38 & 39, The Stationery Office. 
ODPM (2001) Home Energy Conservation Act 1995 Fifth Progress Report Data for 1 
April 2000 to 31 March 2001, Energy Conservation Authorities in England, HMSO. 
Shorrock L. D. and Walters, G. A. (1998) Domestic Energy Fact File 1998, BRE 
Report 354, Building Research Establishment. 
Shorrock L. D., Henderson, J., Utley, J. I. and Walters, G. A. (200 I) Carbon 
Emission Reductions from Energy Efficiency Improvements the UK Housing Stock, 
BRE Report 435, Building Research Establishment. 
Shorrock, L. D. and Utley, J. I. (2003) Domestic Energy Fact File 2003, BRE 
Publications. 
Smith, P. F. (2003) Sustainability at the Cutting Edge: Emerging Technologies for 
Low Energy Buildings, Architectural Press. 
-------------------------------------------------86 
Chapter 5 Case Studies within Private Housing Sector in Sheffield 
5 Case Studies within Private Housing Sector in Sheffield 
5.1 Background 
As previously explained in this thesis, the UK is committed to reducing the 
emission of six greenhouse gases with carbon dioxide being the most significant to 
12.5% lower than the 1990 levels by 2010. In addition to this commitment, the UK 
government has also indicated that it has an aim of further reducing the emissions 
with an eventual target of 20% below the 1990 levels by 2010 (see chapter 1 for more 
information about the UK's Climate Change Programme). 
In the UK, energy consumed by the building stock approaches 50% of the total 
while transport is responsible for 28% and predicted to rise significantly. Moreover, 
energy consumption for energy use in the domestic sector is responsible for about 
30% of overall CO2 emissions and is a major contributor to global warming (see 
chapter 4 for more information). Today, the domestic sector energy consumption has 
become one of the key drivers to improving energy efficiency and reducing carbon 
dioxide emissions in the country, which is again the main focus area of this research. 
This research has begun with building confidence and relationship with 
landlords/landladies through the Housing Services at the University of Sheffield. The 
main idea behind this was to find ways to contact people in charge (property owners) 
directly rather than the occupiers. In this case, it was the privately rented 
accommodation and particularly the university-controlled properties targeted. The 
question to answer is; 'how can we encourage property owners to implement 
necessary energy efficiency improvements, while there is no effective legislation 
in place to tackle energy related issues'. This has already been a great challenge for 
the government as there are no effective solutions in place and therefore it is a crucial 
barrier where again this research has focused on (scope of the problem). 
In order to bring an alternative solution to the problem and encourage further 
improvements in privately rented properties, the author has decided to take the first 
step to reach across a barrier by contacting the authority, which has supported 
privately rented property owners and help to market their properties locally. In this 
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case, this authority is the University of Sheffield, Housing Services that currently 
controls and checks dwellings registered both under the university private housing 
and private landlord schemes, which is also recognised by the City Council. For the 
majority of the property owners, their properties are considered as 'atlordable and 
decent homes', due to the fact that they are registered with the university housing 
scheme and inspections are undertaken on a yearly basis; however mostly covering 
fire regulations and security issues rather than energy efficiency measures. As a 
result, this remains a great challenge to be tackled. 
The author has attended a meeting with the housing officer in Housing Services 
and explained both the research aims and objectives (see following section 5.2), and 
justified the outcomes. The housing officer has not only found the project interesting, 
but also helpful for developing further strategies, such as considering energy 
efficiency measures in university private housing requirements. Furthermore, housing 
services has a yearly meeting with the property owners of registered dwellings under 
the university private housing scheme. The author has taken this opportunity to attend 
this event to meet landlords/landladies who are able to action when essential 
improvements are necessary. The main purpose of attending this annual meeting was 
to build up confidence with property owners and explain the forthcoming project 
briefly. 
After a successful meeting, the author prepared a questionnaire to be sent out 
together with housing services support letter in their annual mail shot. It was not 
feasible to carry out more detailed site surveys in each property due to the time limit 
and obtain permission to access each property. Therefore the questionnaire designed 
strategically not only aimed to gain knowledge about each individual property, but 
also collect the necessary initial data crucial for the case study analysis in this 
research. 615 questionnaires were sent out and as a result, overall respond rate of 30% 
achieved as opposed to average feedback rate in most questionnaire-based surveys 
(generally it doesn't exceed 5%), which can therefore be considered as a highly 
successful survey. 
One of the reasons why the response rate was relatively high could be contributed 
to the fact that by meeting directly with landlords/landladies confidence was 
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established between the researcher and the owners. Feedback gained from 245 
properties covering all essential data required for the case study analysi s in thi s 
research. With the initial data collected, it was decided to carry out SAP calculations, 
total energy consumption analysis and predictions of carbon dioxide emissions in 
each property. This will then help to draw conclusions for the research studied 
accordingly. Furthermore, SAP calculations were used because it is currently part of 
Building Regulations and quoted in English House Conditions Survey, which makes 
the results of this research directly compatible with other published information. 
The main criteria examined are: 
• House Conditions (SAP Rating). 
• Cost of Energy Use (Both for Space and Water Heating). 
• Carbon Dioxide Emission. 
• Effective Air Change in the Property (Natural Ventilation). 
• Heat Loss Parameter (HLP). 
Figure 5.1: Criteria Examined Versus Energy Use Areas in a House. (Generated 2002) 
Energy Rating 
C02 Emission 
Heat Loss Parameter 
Effective Air Change 
Total Energy Costs 
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In addition, each of the 245 properties had external site survey completed in order 
to gather the following information: 
• 
• 
• 
• 
Scaled Floor Plans 
Dwelling Elevations 
Orientations 
Openings 
Measures, such as property floor plans were obtained by using Edina Digimap 
online services (http://edina.ac.ukldigimap/). The information produced in thi s study 
relates to areas in the city of Sheffield (S 1, S2, S3, S6, S7, S8, S 10, S I] ), which are 
close to the university campus and mainly rented by the university students, staff and 
other professionals. 
Figure 5.2: Sample Property Elevetaions. (Generated 2003) 
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The above photos (figure 5.2) were taken in order to gather information on both 
dwelling elevations and openings. Each dwelling in figure 5.2 was photographed in a 
way of an example showing the variations in property types. This survey then 
continued with obtaining scaled floor plans (see figure 5.3) through Edina Digimap 
software (internet based) and supported by questionnaires (see figure 5.4) received 
from landlord/landladies containing information about the age, type and other 
relevant value of the property. 
The data collected were imperative for both examining dwelling conditions for 
energy standards and calculating energy ratings for each individual property. This 
then will be used for compiling home conditions reports (feedback reports) for those 
property owners requested feedback on current situation of their properties (116 
property feedbacks requested from over 60 landlords/ landladies). 
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Figure 5.3: Sample Property Floor Plans. (Edina Digimap 2003) 
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Figure 5.4: Sample Questionnaire Received. (Generated 2003) 
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The questionnaire-based survey has been strategically prepared to obtain data 
concerning property type, age, number of bedrooms, space heating used and control s 
(if applicable), waIllfloor/roof instaJlation, draught stripping, double glazing, hot 
water source and controls (if applicable), cooking source and low energy lighting 111 
these dwellings. 
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5.2 Case Study Aims and Objectives 
The main aims and objectives of this study can be summarised as: 
• To provide a database of the current conditions and energy standards of 
privately rented properties. 
• To investigate potentials for energy efficiency improvements and reduction 
of carbon dioxide emissions in the privately rented sector. 
• To evaluate and review energy and environmental assessment methods, and 
their applications in terms of energy efficiency and carbon index (el). 
• To identify a way of cost effective modifications to dwelling base designs 
which can improve energy efficiency within privately rented properties. 
• To develop case study results that can be used by landlords/landladies to 
encourage energy conservation. 
• To promote general recommendations for immediate energy savmgs 
throughout privately rented properties analysed with supplementary 
documentation enclosed within feedback reports compiled. 
5.3 Case Study Methodology 
For the determination of energy efficiency potentials in privately rented properties 
in analysed areas, it is necessary to have information on the following: 
• The current condition of the property, including the efficiency of space and 
water heating systems in use. 
• The SAP rating of the dwelling with respect to C02 output. 
• The reduction of the property carbon dioxide emission due to modification 
carried out to base designs. 
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5.4 Case Study Analysis and Results 
With all measures obtained, the author has started to examine each dwelling for 
energy standards and calculate energy ratings with the use of available software, such 
as Stelrad's and Energy Design Advice Scheme's (EOAS) (both BRE approved) SAP 
calculation programs. For each questionnaire received, analysis carried out and 
comprehensive current situation reports compiled (Home Condition Reports) for 
future references, in this case for potential energy efficiency improvements in 
privately rented properties. Reports compiled also contain conditions of the property 
as well as current energy (SAP) ratings and predicted carbon dioxide (C02) 
emissions. 
Furthermore, property owners were asked if they were interested in receiving 
summary reports on their properties. This request was accepted by property owners 
covering 116 properties. As a result, feedback reports compiled to demonstrate the 
current conditions of each individual property and potential energy efficiency 
improvements in these dwellings, and ultimately encourage property owners to act on 
it. 
Overall findings from the case studies undertaken in this research are as follows: 
• Average SAP rating is 6l. 
• 58% ofthese properties are above 60 SAP rating. 
• Only 10% are above 70 SAP rating. 
• 5% are below 50 SAP rating. 
• For all analysed properties required average SAP rating is 80 or above and 
therefore these properties have failed to meet current standards required by the 
building regulations. Nevertheless, about 60% of these dwellings are 
considered as 'affordable and decent homes' in terms of university 
requirements. 
• The average SAP rating for this type of property (EHCS) is 49 (OOPM, 
2003); therefore these properties are better than the average for this sector. 
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Moreover, the author has met the housing officer to discuss the research findings 
and share the information compiled for future recommendations accordingly. Each 
report composed also included a short questionnaire, as means to find out how likely 
the property owners were to implement the suggested improvements. To enhance the 
idea of encouraging further developments, they have been informed about the 
government's plan on introducing 'Home Information Pack' and possible SAP rating 
for an energy efficient house within existing housing stock. 
As from the questionnaire-based survey conducted. only 24 percent of the 
response received stated the following: 
• 
• 
56% of these property owners are either likely to implement improvements 
suggested or already undertaken possible improvements. 
44% of these property owners are not likely to carry out improvements 
suggested via feedback reports. 
On the other hand, the majority of the property owners (76 percent) are considered 
as 'action unknown' due to no such response as yet received in terms of this research 
time scale. Further to the results obtained regarding the implementation of energy 
efficiency improvements in those properties, it can be said that the 23% of 
landlords/landladies are voluntarily willing to carry out the necessary improvements 
(as the majority of them have submitted supplementary sheets justifying 
improvements already undertaken and further actions to be implemented; a sample 
letter can be viewed in appendix A) in order to increase energy standards of their 
properties. As a result, current SAP rating of these properties increased by about 22% 
(equivalent to 14 in number). 
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Figure 5.5: Overall Results for Actions to Implement Energy Efficiency Improvements 
within Privately Rented Properties Analysed. (Generated 2003) 
OToAct ~ --.NottOAct ] ONot Known 
It can be concluded that the 12% are not willing to undertake such improvements 
for energy efficiency potentials in their dwellings. This can be seen as a crucia l 
barrier, since there is no enforced legislation in place. On the other hand, the majority 
of the property owners ' actions are unknown with no predicted reason and therefore 
this barrier remains a great challenge for the energy efficiency improvement 
programme in the country. 
Table 5.1: Predicted Energy Savings within Properties Examined. (Generated 2003) 
Sector EnergyJPJl Notes 
Yorkshire and the Humber Region 19.743 * 10% of Total Privately Rented 
Properties Analysed 0.019743 0.1 % of Total Region 
Properties After Improvement 0.0187572 5% Reduction of Total Regional 
* Regional Energy Statistics taken from the Domestic Energy Fact Fi le 2003 (Shorrock and Utley, 
2003) and English House Conditions Survey 200 I (ODPM, 2003). 
Table 5.1 shows the latest total energy use recorded (2001) for Yorkshire and the 
Humberside region, and predicted energy use for both before and after improvements 
carried out within privately rented properties analysed. Please also note that the 
energy statistics for these properties are predicted analysis containing theoretical 
improvements undertaken. Yet, property owners have also stated that they are willing 
to action voluntarily. Considering the number of properties in this region (241 ,000), 
privately rented dwellings analysed covers 0.1 % of the total and therefore energy use 
for this portion can be estimated as 0.1 % of the latest total energy consumption 
recorded in 200 I. 
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Figure 5.6: Estimated Energy Savings After Improvements. (Generated 2003) 
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Figure 5.6 shows the reduction in energy consumption through energy efficiency 
improvements undertaken theoretically (although voluntary action stated) within 
privately rented properties analysed. Rates on this chart are estimated figures; 
calculated by means of both data generated (see table 5.1) and obtained from the 
Domestic Energy Fact File 2003 (Shorrock and Utley, 2003) and English House 
Conditions Survey 2001 (ODPM, 2003) statistics. 
Please also note that the privately rented regional stock for Yorkshire and the 
Humber is about ] 0% of the total private rented sector in the UK (ODPM, 2003). 
With the improvements carried out theoretically from the 23% action can result in 
current average SAP rating increased by about 5% (equal to 3, in number to 64), 
which is also equivalent to 5% reductions on energy consumption within these 
privately rented properties. 
Within properties analysed, although the reduction rate is 5% through theoretical 
improvements, regional energy savings are not signjficantly effective unless the 
government takes action in legislating the issue, which would then result in energy 
savings as much as about 22% (see figure 5.7). 
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Table 5.2: Predicted Energy Savings within Privately Rented 
Tenure in the UK. (Generated 2003) 
Sector Energy (PJ) Notes 
Domestic Sector Energy Consumption 1974.3 * 30% of Total UK Energy Consumption 
Privately Rented Sector (Current Status) 197.43 10% of Total Domestic Sector 
After Improvements 193.1 22% Reduction Rate 
Yorkshire and the Humber Region 19.743 * 10% of Total Privately Rented Sector 
After Improvements 15.4 22% Reduction Rate 
* Regional Energy Statistics taken from the Domestic Energy Fact File 2003 (Shorrock and Utley. 
2003) and Eng lish House Conditions Survey 200 I (DDPM, 2003). 
Table 5.2 shows the latest total energy consumption recorded (2001) for the 
domestic sector, and estimated energy use for the privately rented sector, which is 
10% of the total. Please also note that the privately rented regional stock for Yorkshire 
and the Humber is about 10% of the total private rented sector in the UK (ODPM, 
2003). 
If energy efficiency improvements were to be implemented within these privately 
rented properties analysed, in that case there would be energy savings as much as 
22%. Please also note that the energy statistics for these properties are predicted 
analysis containjng theoretical improvements undertaken (see figure 5.7). 
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Figure 5.7: Predicted Energy Consumption After Improvements 
within Privately Rented Tenure in the UK. (Generated 2003) 
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Figure 5.7 shows both current overall energy consumption in the privately rented 
sector in the UK and after the improvements undertaken through theoretical action 
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process within privately rented properties analysed. Rates on this chart are estimated 
figures; calculated using both data generated (see table 5.2) and obtained from the 
Domestic Energy Fact File 2003 (Shorrock and Utley, 2003) and English Iiousc 
Conditions Survey 2001 (ODPM, 2003) statistics. 
Please also note that the privately rented sector accounts for about 10% of the total 
domestic sector in the UK (DDPM, 2003). Furthermore, due to the submission 
deadline of this thesis, the results for suggested improvements are still counting up 
(feedback is being received) and therefore the case study results only contain the most 
recent data received and analysed. 
To conclude, considering today's housing standards reviewed in chapter 2, about 
60% of privately rented dwellings examined can be considered as 'affordable and 
decent homes'. However if the government was to action in order to meet 20% 
reductions in CO2 emissions, potential energy efficiency improvements in these 
particular sector (covering only the minority of the total UK housing stock) should 
therefore be implemented. Despite the fact that this sector only accounts for 15% of 
the total housing stock, it can significantly contribute to achieving targets both set 
nationally and internationally. 
In this research, it should be emphasised that the methodology used can therefore 
guide for further developments within privately rented properties to help achieve 
effective results in energy efficiency improvement programme in the city. In addition, 
it should also be mentioned that the knowledge gap can be bridged and energy 
efficiency could be achieved generally in the private housing sector with close 
relationship developed through each housing community. This is again undoubtedly 
the right direction to guide policy makers prepare more effective policies to tackle the 
challenge that government and local authorities faced today, specifically in the private 
sector. 
More detailed information on questionnaire-based survey and related results are 
shown in appendix A. The statistics for the first 55 property are shown in table 5.3. 
The table gives the existing conditions (with relevant SAP rating), cost of energy use 
(both for space and water heating), C02 emission, effective air change in the property 
(natural ventilation) and heat loss parameter. 
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Table 5.3: Current Conditions of the Properties Examined. (Generated 2002) 
PRIVATE RENTED PROPERTIES REQUIRED SAP RATINGS = 80/81/82/83/84/85 
PROPERTY NO SAP 
COSTS £ YEAR CO2 
HEAT LOSS AIR CHANGE PASS/FAIL 
SPACE WATER TOTAL PARAMETER RATE P/F 
PROPERTY 1 54 263.01 150.04 413.05 4.54 2.81 0.77 F 
PROPERTY 2 60 343.95 162.82 506.77 5.68 2.6 0.91 F 
PROPERTY 3 58 319.03 158.68 477.71 5.33 2.7 0.9 F 
PROPERTY 4 54 331.51 156.55 488.06 5.45 2.88 0.91 F 
PROPERTY 5 50 324.27 152.29 476.56 5.31 3.17 0.86 
F 
PROPERTY 6 51 317.28 152.29 469.57 5.23 3.11 0.83 
F 
PROPERTY 7 51 292.58 150.04 442.62 4.9 3.11 0.77 F 
PROPERTY 8 59 321.93 160.22 482.15 5.38 2.63 0.81 F 
PROPERTY 9 58 361.72 162.82 524.54 5.9 2.76 0.83 F 
PROPERTY 10 57 371.44 162.82 540.26 6.09 2.86 0.81 
F 
PROPERTY 11 65 291.64 162.82 454.46 5.04 2.3 0.77 
F 
PROPERTY 12 66 305.66 140.41 446.07 4.94 2.33 0.83 
F 
PROPERTY 13 56 380.5 162.82 543.32 6.13 2.86 0.83 
F 
PROPERTY 14 56 380.5 162.82 543.32 6.13 2.86 0.83 
F 
PROPERTY 15 56 386.81 162.82 549.63 6.21 2.92 
0.83 F 
PROPERTY 16 52 338.12 155.15 493.27 5.52 3.09 
0.85 F 
PROPERTY 17 66 294.03 164.39 458.42 5.09 2.27 
0.83 F 
PROPERTY 18 69 406.4 179.26 585.66 6.65 2.21 
0.78 F 
PROPERTY 19 69 408.87 179.26 588.13 6.68 2.23 
0.78 F 
PROPERTY 20 68 415.39 179.26 594.65 6.75 2.27 
0.78 F 
PROPERTY 21 68 415.39 179.26 594.65 6.75 2.27 
0.78 F 
PROPERTY 22 75 536.55 197.96 734.51 8.46 2.01 
0.77 F 
PROPERTY 23 53 835.54 195.77 1031.31 19.46 2.33 
0.87 F 
PROPERTY 24 52 278.14 150.04 428.18 4.72 2.95 
0.86 F 
PROPERTY 25 57 252.41 151.7 404.11 4.43 2.65 
0.98 F 
PROPERTY 26 60 342.76 162.82 505.58 5.67 2.61 
0.88 F 
PROPERTY 27 59 347.49 162.82 510.31 5.73 2.64 
0.88 F 
PROPERTY 28 56 272.85 112.76 385.61 4.2 
2.85 0.98 F 
PROPERTY 29 55 239.16 148.93 388.09 4.23 
2.69 0.98 F 
PROPERTY 30 71 332.88 174.23 507.11 5.69 
2.05 0.88 F 
PROPERTY 31 59 237.96 151.7 389.66 4.25 
2.5 0.95 F 
PROPERTY 32 55 273.71 151.7 425.41 4.69 
2.82 0.98 F 
PROPERTY 33 64 279.71 160.47 440.18 4.87 
2.36 0.76 F 
PROPERTY 34 67 253.56 160.86 414.42 4.55 
2.2 0.83 F 
PROPERTY 35 67 253.56 160.86 414.42 4.55 
2.2 0.83 F 
PROPERTY 36 67 253.56 160.86 414.42 4.55 
2.2 0.83 F 
PROPERTY 37 68 264.33 163.07 427.4 
4.71 2.17 0.74 F 
PROPERTY 38 70 270.68 166.31 436.99 
4.83 2.09 0.74 F 
PROPERTY 39 59 355.2 162.82 518.02 
5.82 2.68 0.95 F 
PROPERTY 40 62 309.36 161.96 471.32 
5.25 2.43 0.86 F 
PROPERTY 41 60 344.42 162.82 507.24 
5.69 2.6 0.91 F 
PROPERTY 42 60 371.98 165.63 537.61 
6.06 2.62 0.83 F 
PROPERTY 43 59 349.23 162.82 512.05 
5.75 2.64 0.88 F 
PROPERTY 44 59 355.88 162.82 518.7 
5.83 2.71 0.91 F 
PROPERTY 45 59 321.8 159.88 481.68 
5.38 2.66 0.91 F 
PROPERTY 46 51 272.04 148.93 420.97 
4.63 2.99 0.85 F 
PROPERTY 47 50 285.55 148.93 434.48 
4.63 3.14 0.85 F 
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PRIVATE RENTED PROPERTIES REQUIRED SAP RATINGS = 80/81/82/83/84/85 
PROPERTY NO SAP COSTS £ YEAR CO2 HEAT LOSS 
AIR CHANGE PASSIFAIL 
SPACE WATER TOTAL PARAMETER RATE P/F 
PROPERTY 48 54 329.09 156.13 485.22 4.8 2.94 0.92 F 
PROPERTY 49 69 508.9 189.06 697.96 5.42 2.24 0.68 F 
PROPERTY 50 66 378.93 173.13 552.06 8.02 2.35 0.85 F 
PROPERTY 51 59 590.29 182.62 772.91 16.08 2.16 0.82 F 
PROPERTY 52 73 456.59 189.06 645.65 7.38 2.1 0.85 F 
PROPERTY 53 59 355.8 163.07 518.87 5.83 2.69 0.91 F 
PROPERTY 54 65 352.09 169.04 521.13 5.86 2.34 0.97 F 
PROPERTY 55 64 359.8 169.04 528.84 5.95 2.38 0.9 F 
As it can be seen from the charts (figure 5.8, 5.9 and 5.10), properties 23 and 51 
have shown extreme results on both carbon dioxide output and total energy use. This 
is due to the size of these properties being extensively larger dwellings compared to 
others in this case study. In contrast, SAP ratings for same dwellings remain below 
average energy rating (61) within these properties analysed. 
Figure 5.8: Current SAP Ratings of the Properties Analysed. (Generated 2002) 
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Figure 5.9: Predicted CO2 Emissions in these Properties. (Generated 2002) 
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Figure 5.10: Estimated Energy Costs for Heating in these Properties. (Generated 2002) 
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This emphasises the predominance of SAP ratings, which is mainly between 50 -
70, due partly to the CO2 emissions. Analysis of house conditions shows that, average 
SAP rating is 61 , below required by the building regulations. In relation with the age 
of the property, it is estimated that during the Industrial Revolutions of the 18th and 
19th centuries, there has been a massive increase in housing, which on average, 50% 
of private rented housing could be solid wall dwellings. It is also stated that around 
two thirds (66%) of solid wall dwellings are owner-occupied, with only 18% in the 
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social rented sector, and 16% in the private rented sector. This has implications both 
for the way improvement of solid wall housing is marketed and for solving the 
problem of fuel poverty (Leather and Morrison, 1997). 
The key problem is that solid wall homes are generally energy inefficient. Some 
very thick walls retain heat and protect from extremes of temperature, but the age of 
these homes means that there is often a problem with damp, either through floor 
construction or inability to provide an effective damp course. Energy efficiency of a 
house is shown by its energy rating (SAP rating), which nominally runs from 0 to 
100, but because it is a calculated figure rather than a scale, highly energy efficient 
homes can achieve ratings of 105 or more. For more detailed information on SAP 
Calculations (i.e. the method of calculating the rating, form of a worksheet and the 
series of support tables), see appendix A. 
For the solid wall building, adding gas central heating leaves it below the national 
average. As SAP rating is also an indicator of the amount of expenditure needed to 
keep the dwelling warm, it can be seen that introducing better insulation has a far 
greater effect in raising the SAP rating and reducing the amount spent on fuel than 
just switching fuels. However, when considering climate change and carbon dioxide 
emissions, whilst insulation reduces CO2 emissions by over 40%, just switching fuels 
makes a difference of more than 50%. Nevertheless, performing both reduces 
emissions by over 70%. It is likely that a programme that concentrated on installing 
gas central heating in homes would also be required to increase the loft insulation 
where possible and fit other measures such as draught proofing. It would be useful to 
have some fuller modelling of these scenarios based on actual numbers of homes that 
could be addressed by different measures, such as that carried out within privately 
rented dwellings in Sheffield. 
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Table 5.4: Comparison of SAP Ratings and CO2 Emissions with respect to 
Double-Glazed and Central-Heated Properties. (Generated 2002) 
Property A SAP CO2 Property B SAP Ratings Emissions Ratings 
No Insulation or 
No Insulation or Double Glazing; 
Gas Central Heating and 50 5.31 Double Glazing; 53 
Single Point Hot Water Electric Storage Heater 
Fabric Modifications 58 4.43 Fabric Modifications 60 
Heating and Hot Water 64 3.87 Heating and Hot Water 64 Modifications Modifications 
Full Modifications; Full Modifications; 
Fabric, Solar, Vent, 80 2.68 Fabric, Solar, Vent, 78 
Heating and Hot Water Heating and Hot Water 
CO2 
Emissions 
19.46 
16.35 
17.49 
11.98 
To summarise, properties with solid walls, of non-traditional construction types 
and/or off gas network are mostly have SAP ratings below average. There are 
insulating and/or heating solutions that can improve the SAP ratings and reduce the 
amount of C02 emitted through inefficient use of fuel. Sample dwellings in table 5.4 
have been chosen from within privately rented properties examined. 
Table 5.5: Example Details of Modifications to Original Base Design. (Generated 2002) 
PROPERTY C REQUIRED SAP RATING = 85 
COSTS £ YEAR 
CO2 HEAT LOSS AIR CHANGE DESIGN OPTIONS SAP SPACE WATER TOTAL PARAMETER RATE 
BASE DESIGN 58 361.72 162.82 524.54 5.9 2.76 0.83 
1. BASE + FABRIC MOD. 64 295.64 162.82 458.46 5.09 2.37 0.83 
2. BASE + HEATING MOD. 67 276.6 162.82 439.42 4.86 2.76 0.83 
3. BASE + HOT WATER MOD. 62 374.88 108.8 483.68 5.4 2.76 0.83 
4. BASE + HEATING AND 72 286.66 108.8 395.46 4.32 2.76 0.83 
HOT WATER MOD. 
5. BASE + VENT. MOD. 60 338.03 162.82 500.85 5.61 2.62 0.7 
6. BASE + FABRIC AND 70 244.18 162.82 407 4.46 2.06 
0.7 
AND VENT. 
7. BASE + SOLAR MOD. 60 335.48 162.82 498.3 5.58 
2.59 0.83 
8. FINAL MODIFICATIONS 84 197.37 108.8 306.17 3.23 2.06 
0.7 
FabriclSolarNent 
Heating/Hot water 
TARGET U VALUE COMPLIANCE SAP < 60 0.55 ACHIEVED U VALUE BASE 0.61 
TARGET U VALUE COMPLIANCE SAP> 60 0.62 WITH FABRIC MODIFICATION 0.44 
____________________________________________ -106 
Chapter 5 Case Studies within Private Housing Sector in Sheffield 
Table 5.5 shows the various modifications undertaken to the base design (potentia l 
energy efficiency improvements) and the results on energy costs and ratings 
consequently. This sample base design is chosen from within privately rented 
properties examined. Design options shown on the following charts (figures 5.1 J, 
5.12 and 5.13) are described on table 5.5 in more detail. 
Figure 5.11: Change in SAP Ratings. (Generated 2002) 
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Figure 5.12: Change in CO2 Emissions. (Generated 2002) 
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Figure 5.13: Change in Total Energy Costs for Heating. (Generated 2002) 
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The following figure 5.14 shows an example SAP worksheet (page 6) calculated 
by the use of Stelrad SAP calculation program. Within this worksheet, results of thi s 
sample calculation can be viewed in section 12 (see figure 5.14). Results presented 
include Energy Cost Rating ( AP rating) and Target U-Value. 
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Figure 5.14: Example ofStelrad Home Assessment 
Rating Procedure Results (Page 6) . (Generated 2002) 
SAP (Standard Asse~m~nt 'Proced:...:.u_r..:..Je>'--________ _ 
9. Space Heating Requirements 
Energy Requirements 
Fraction of Heat From Secondary System 
Efficiency of Main Heating Systems 
Efficiency of Secondary Heating Systems 
Space Heating Fuel (Main) 
Space Heating Fuel (Secondary) 
Electricity for Pumps & Fans 
10. Fuel Costs 
Space Heating - Main System 
- Secondary System 
Water Heating 
Water Heating Cost 
Pump/Fan Energy Cost 
Additional Standing Charges 
Total Heeting 
11. Energy Cost Rating 
Energy Cost Deflator 
Energy Cost Factor (ECF) 
SAP 
12. Results 
SAP Energy Cost Rating 
Target U/value 
Elemental Method 
13. Elemental Method 
Exposed Wall 
Semi Exposed Wall 
Exposed or Ground Floor 
Semi Exposed Floor 
Roof. pitch < 70 deg 
Roof. pitch> 70 deg 
Flat Roof 
Windows. doors & rooflights 
14. Target Ulvalue Method 
Total floor area 
Total area of exposed elements 
Window adjustment (m') 
Heabng adjustment % (see note) 
Target Ulvalue 
Final target Ulvalue (see note) 
Actual Ulvalue 
15. Carbon Dioxide Emissions from Fuel Use 
Water heating 
Regs. 
Area % 
15.50 
Stelrad Home Assessment Rating Procedure 
0.00 
65.00 
0.00 
GJNear 
66.55 
0.00 
25.60 
0.47 
Actual 
Area % 
12.00 
Area (m') 
125.00 
412.50 
Energy 
GJlYear 
25.60 x 
x 
x 
x 
x 
Fuel Cost 
4.26 
0.00 
Fuel Cost 
4.26 
21.08 
(57.15) 
Regs. 
W/m'K 
0.45 
0.60 
0.35 
0.60 
0.20 
0.35 
0.20 
4.15 
Adjust 
0.00 
Emission 
Factor 
52 = 
.. 
.. 
Results 
GJlYear 
57.56 
66.55 
000 
0.47 
£Near 
377.21 
0.00 
£Near 
109.89 
9.91 
3600 
535.01 
0.96 
3.79 
57 
Fail 
Fail 
Fail 
Actual 
W/m'K 
030 
0.60 
1.00 
415 
W/m'K 
0.53 
0.53 
0.57 
Emissions 
kGlYear 
1341.36 
Page 6 
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5.5 Feedback Reports for LandlordslLandladies 
Feedback reports have been compiled for each property owner to show the current 
conditions and energy standards of their property and determined to suggest potential 
energy efficiency improvements when considering refurbishments (see appendix A 
for more detailed information). In these summary reports, it is also stated that the 
government is determined to ensure that the thermal efficiency of housing (and also 
non domestic building) is improved and their intention is to introduce a 'Home 
Sellers/Buyers Pack' in which the energy efficiency of the dwelling would have to be 
given (see following section 5.6 for more information about the Home Information 
Report). 
With the data compiled through case study analysis and property owners' 
contribution, the author has developed a database of the 'local' current situation and 
therefore can provide a benchmark figure against why potential improvements can be 
determined. This will not only help to encourage energy efficiency standards 
throughout the private housing sector, but also accelerate the necessity of 
improvements and consultancies in the domestic sector. 
Furthermore, each feedback report compiled have been supplied with information 
on general recommendations for immediate savings in privately rented properties and 
questionnaire to find out how often they were informed about energy savings and 
whether they would act on it accordingly. By this, it was aimed to bring evidence to 
the case that there is still a knowledge gap between the energy efficiency technologies 
available and the property owners, which is considered as one of the main barriers in 
this research. 
5.6 Home Information Pack 
The UK government is committed to making it easier for people buying and 
selling homes in England and Wales through a new seller's pack proposed as the 
'Home Information Pack'. Introducing the Home Information Pack (HIP) is a key 
part of a package of measures to reform the home buying and selling process. 
Legislation to introduce the pack was first introduced to the House of Commons on 
12 December 2000 in the form of the Homes Bill 2001. However the Bill was unable 
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to complete its passage before Parliament was dissolved for the 200 I General 
Election. Legislation is being reintroduced as part of the draft Housing Bill published 
on 31 March 2003 for consultation. The legislation will require homeowners or thcir 
selling agents to have a Home Information Pack when marketing homes for sale, and 
to make a copy ofthe pack available to prospective buyers on request (OOPM, 20(3). 
The HIP programme to improve the energy efficiency of the housing stock tcnds to 
be driven primarily either by the need to reduce carbon dioxide emissions or the need 
to improve living conditions for the health and well-being of the occupants. As part of 
the commitment to improve the home buying and selling process, the Lord 
Chancellors Department has brought in the Land Registration Act 2002, which will 
modernise the land registration system and prepare the way for electronic 
conveyancing. With electronic conveyancing brought forward, it is aimed to 
complement the proposals for Home Information Pack and therefore speed up the 
conveyancing process thereafter. Taken together, both of these measures will help 
create a faster and more efficient home buying and selling system (OOPM, 2003). 
If the Home Information Pack legislation were to be introduced, it will require 
sellers of residential properties in England and Wales, or their agents, to make a 
Home Information Pack available before marketing homes for sale, and to make a 
copy of the pack available to prospective buyers on request. The Home Information 
Pack is likely to contain the following documents, most of which are currently 
provided later in the sale: 
• Terms of sale. 
• Evidence of title. 
• Replies to standard preliminary enquiries made on behalf of buyers. 
• Copies of any planning, listed building and building regulations consents and 
approvals. 
• For new properties, copies of warranties and guarantees. 
• Any guarantees for work carried out on the property. 
• Replies to local searches. 
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• A home condition report based on a professional survey of the property, 
including an energy efficiency assessment. 
Additionally, for leasehold properties, it will include a copy of the lease; most 
recent service charge accounts and receipts; building insurance policy details and 
payment receipts; regulations made by the landlord or management company; and 
memorandum and articles of the landlord or management company. 
Furthermore, it has been also proposed in the Consultation Paper published on 
March 2003 that the Home Infonnation Pack should contain an objective report on 
the condition of the property, which is the Home Condition Report (HCR) and should 
be prepared by the home inspector qualifying under a certification scheme approved 
by the Secretary of State. The report should also include an energy ct1iciency 
assessment compliant with EU Directive 2002/911EC (Energy Perfonnance of 
Buildings Directive) (ODPM, 2003). 
The Home Condition Report would detail the current SAP rating of the dwelling 
and purpose the adoption of specific energy efficiency measures to increase this 
rating, potentially reducing fuel bills and C02 emissions. The aim of the HCR is to 
provide home sellers, buyers and lenders with an objective report on the condition 
and energy efficiency of the home that they can rely on. It will focus on 
communicating fuel costs and resulting financial savings as a means to motivate, with 
associated carbon savings presented as a secondary piece of infonnation. The ultimate 
effect of the HCR is therefore to abate carbon dioxide emission and reduce effects of 
global warming. This report can be very effective as it has the benefits of creating 
more comfortable homes, which are affordable to heat, gives people a means for 
comparing homes in terms of energy efficiency and provides a benchmark figure with 
which to work. 
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5.7 Conclusion 
As recent statistics stated the state of UK Housing, particularly the privately rented 
sector, the results of these case studies carried out in this research have once again 
shown that most of privately rented properties are in poor conditions (Revell and 
Leather, 2000) - below energy rating (SAP) required by the building regulations, and 
therefore there are potentials for energy efficiency improvements. This case study 
contains comprehensive reports compiled (feedback reports) for each property owner 
(landlord/landlady) participated in the survey on the condition of their property and 
potential energy efficiency improvements in their dwelling. These feedback reports 
put together also include current SAP ratings of the properties and other energy 
efficiency measures such as high-efficiency lighting, etc. 
Privately rented properties targeted are university-registered properties with close 
links to the university housing community and operate under the control of the 
housing services department. In addition, majority of these properties registered to 
comply with the 'Responsible Landlord Scheme' provided by the City Council and 
therefore required to meet specified qualifying 'fit and proper' criteria. The results 
from property condition reports compiled in this survey have also been discussed 
with the university housing authorities and put forward for future references. 
Having chosen university-controlled properties for this case study would therefore 
help to utilise the university authority to take action effectively and playa key role in 
guiding energy efficiency improvements within privately rented properties. With 
university authority, potential improvements in these properties can be encouraged 
and implemented much effectively, whilst existing legislation and policies are 
inoperative to enforce retrospective energy standards in existing dwellings. Moreover, 
this has a negative impact on the privately rented sector and can also be seen as a 
major barrier. Therefore, this is an opportunity that will not only increase energy 
standards of the housing stock in Sheffield, but also help to achieve the rate of 
improvement required by the Home Energy Conservation Act 1995 and reduce the 
overall energy consumption caused by the existing housing stock in the country 
accordingl y. 
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As widely known, the technical expertise exists to enable energy efliciency 
improvements to be carried out, however success not only rests on the technical 
knowledge, but also demands political and governmental support. Moreover. a recent 
study indicates that the HECA 1995 is unlikely to achieve a 30% improvement in 
energy efficiency in homes by 20 I 0 given that the progress has been slow and largely 
occurred in the public sector where this only constitute a dwindling minority of the 
stock (DETR, 1999). 
On the other hand, local authorities can only have a little influence on the private 
sector, which accounts for the majority of the stock, and this therefore remains a great 
challenge for the government, whilst there is no enforced legislation of energy 
standards in the private sector. Thus, this research has focused on the privately rented 
properties that accounts for about 15% of the total housing stock and demonstrates 
one of the worst conditions of housing standards in the country (Revell and Leather. 
2000). 
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1. Introduction 
The aim of this research has been to investigate one important aspect of the built 
environment, which is energy efficiency improvements and reduction of carbon 
dioxide emissions in the domestic sector. This research has reached the conclusion 
that there are great potentials for improving energy efficiency and reducing carbon 
dioxide emissions in existing housing in the UK, particularly in privately rented 
sector, such as the case studies carried out in Sheffield. 
The results of this research has helped to develop a database of the' local' current 
situation. By choosing university-controlled properties, this has assisted to utilise the 
university authority to take action effectively and playa key role in guiding energy 
efficiency improvements in these properties. This will not only help to encourage 
energy efficiency standards throughout the private housing sector, but also accelerate 
the necessity of improvements and consultancies in the domestic sector, particularly 
in privately rented sector. 
2. Conclusion 
To summarize some of the important conclusions defined from this research with 
response to the original research aims and objectives: 
• To provide a database of the current conditions and energy standards of 
privately rented properties. 
As explained in chapter 5, feedback reports have been compiled for each property 
owner to show the current conditions and energy standards of their property and 
therefore suggest potential energy efficiency improvements when considering 
refurbishments. The case study analysis and results have helped to develop a database 
of the 'local' current situation. They provide a benchmark figure of possible 
improvements which if carried out could contribute significantly to the overall 
improvement programme within privately rented sector in the UK. 
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To investigate potentials for energy efficiency improvements and reduction 
of carbon dioxide emissions in the privately rented sector. 
As one of the main aims, this research has investigated potentials for energy 
efficiency improvements and reduction of carbon dioxide emissions in the privately 
rented sector, and as a result, it has been concluded that there are great potentials for 
improvements particularly in this sector, such as the case studies undertaken in 
Sheffield. 
• To evaluate and review energy and environmental assessment methods, and 
their applications in terms of energy efficiency and carbon index (Cl). 
As explained in chapters 3, existing building energy and environmental assessment 
methods have been evaluated and reviewed. Furthermore overall comparison was 
presented to be more familiar with these tools and techniques currently available and 
their applications concerning energy efficiency and carbon dioxide index. 
• To identify a way of cost effective modifications to dwelling base designs 
which can improve energy efficiency within privately rented properties. 
As described in chapter 5 in more detail, modifications were made to base designs 
to identify potential cost effective improvements in these properties. These have been 
analysed to estimate the full savings on the increased energy standards of these 
dwellings. The modifications identified as follows: Fabric (improve wall and roof 
insulation); solar gain (PVC-U frames and Lowe glazing), ventilation (additional 
mechanical vents), space heating and water heating (new high-efficiency boiler and 
radiators). 
• To develop case study results that can be used by landlords/landladies to 
encourage energy conservation. 
This research is not only a reminder of energy conservation for those who were 
involved in the built environment, but also a database developed of the' local' current 
situation providing checklist for both university housing services and property owners 
to help increase energy standards of these properties examined. 
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To promote general recommendations for immediate energy savmgs 
throughout privately rented properties. 
The research in a form of a comprehensive report will be submitted to the 
Sheffield City Housing Unit with an aim to help keeping up to date records of 
privately rented properties i.e. conditions and energy standards in Shetfteld. This 
information can also be useful for HECA team to help tackle energy related problems 
in other existing dwellings in the city and meet its overall target. 
3. Discussion 
As chapter 5 stated, research results according to the research hypothesis indicates 
that privately rented properties in Sheffield have significant potentials for energy 
efficiency improvements. 
In the UK, more than twenty-five years of research efforts have produced broad 
understanding of the implications of the energy use and developed energy strategies 
and technologies with significant potential for energy savings. These strategies and 
technologies have not been effectively transferred to the building design community 
and as a result, there has been a knowledge gap, which provided property developers 
designing without any energy-related considerations or environmental concerns. This 
again is one of the main reasons why the majority of domestic buildings in the UK 
are still designed with no further concerns to environmental Issues or energy 
efficiency beyond those required by national building regulations. 
According to the recently published English House Condition Survey, there is 
considerable scope for improvements in energy efficiency and thermal performance 
of the housing stock. The vast majority of the existing housing falls well below 
modern building regulations and standards with average SAP rating being 51. The 
housing stock is inefficient due to designing without any energy related 
considerations and other problems mentioned above. Many existing dwellings are not 
only physically capable of being made energy efficient, but also not physically 
capable of being brought up to a high SAP rating with heating and insulation 
measures available. Large number of households are lacking affordable warnlth, 
especially households in council and privately rented housing across the country. 
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Energy efficiency programmes often form a core element of local strategies fix 
sustainable development as they deliver social, economic and health benefits as well 
as reducing housing management costs and helping the environment. Looking at 
some of the energy efficiency design schemes carried out in the UK in thc last tcn 
years, it is anticipated that these low-energy houses will influence the design of 
housing in the near future. Domestic buildings will therefore have less impact on the 
environment, considering that sustainable green design issues are incorporated at the 
design stage. This should be also enforced by the building regulations and supported 
through existing energy and environmental assessment methods for buildings. 
As sustainable design has become an important issue to achieve this there must be 
a significant reduction in carbon dioxide emissions and the amount of energy 
consumed in buildings. In this research, properties examined can be utilised to 
illustrate the potentials for energy efficiency improvements and by some means 
encourage property owners to increasing the energy standards of these dwellings. 
4. Recommendations 
An important incentive to the use of the building energy and environmental 
assessment methods more effectively is the need to improve energy efficiency and 
reduce carbon dioxide emissions in the country. In housing, this could contribute 
significant proportion of the total energy use and therefore help tackle crucial issues 
such as affordable warmth and fuel poverty in existing stock, as well as help the UK 
meeting its international target. 
It is obvious from the case study results that the privately rented properties arc 
below energy standards required by the building regulations and implementing energy 
efficiency improvements suggested within feedback reports compiled can therefore 
reduce the energy consumed in these dwellings. Overall, it should be emphasized that 
most of the energy efficiency improvements suggested are very cost effective and the 
payback time on these dwellings are significantly short. It is an important fact that if 
these improvements were to be implemented, both property occupiers and owners 
will benefit equally; especially when considering the forthcoming Government's 
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Home Information (Sellers/Buyers) Pack and EU's Energy Performance of Buildings 
Directive (EPBD). 
On one hand, for occupier, since the property would be consuming less energy 
there will be significant energy savings, which would be beneficial for longer tenancy 
considering affordable wannth and utilities. On the other hand, for owners, the 
property energy rating would be higher. The higher the energy rating, the better the 
energy perfonnance of the property, which is again lower carbon dioxide emission 
and therefore less impact on the environment; that could well be used as a marketing 
strategy in the near future. 
Moreover, the government is determined to ensure that the thermal efficiency of 
housing (and also non domestic building) is improved and their intention is to 
introduce a Home Information (Sellers/Buyers) Pack in which the energy efficiency 
of the dwelling would have to be given. This can be therefore seen as boost for 
improvements in the private sector and against why potential improvements can be 
detennined. 
5. Further Research 
It is evident from the previous discussions in this thesis that further work is 
necessary, particularly in the private sector where there is no legislation to enforce 
retrospective energy standards of housing. This is an exceptional opportunity which 
would not only increase overall energy standards of existing housing stock in the UK, 
but also help achieve targets set by the Home Energy Conservation Act 1995 and 
enhance the overall rate for energy efficiency improvements in the country 
accordingly. This will consequently contribute to reducing carbon dioxide emissions 
consumed by the domestic buildings. 
Work in this area may be expanded 10 a number of different ways. Some 
suggestions for further research emerge from this research: 
• The focus of this study was on privately rented housing sector. The extension 
of the study for improving energy standards and suggesting guidelines for 
other tenures of housing (owner occupied, local authority/housing association 
and council housing) are also important. Parameters such as housing 
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conditions, both space and water heating and other issues can also be looked 
at in other tenures. 
Energy efficiency measures could be particularly included within presently 
undertaken schemes, such as Responsible Landlord and Accreditation 
Schemes to accelerate the energy efficiency improvements in the private 
sector and therefore help achieve national targets more rapidly. Similar case 
studies can also be carried out such as undertaken in this research in Sheflield 
within properties registered with similar schemes in the country. 
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Glossary of Terms and Abbreviations 
Terms and Definitions 
Age of Dwelling 
Central Heating System 
Decent Homes 
Double Glazing 
Dwelling 
The age of the dwelling refers to the date of 
construction of the oldest part of the building. 
A heating system with a distribution system suHicient 
to provide heat in at least one room in addition to the 
room or space containing the boiler. This definition 
also includes electric storage heaters, which run on 
off-peak electricity, and programmable gas convector 
heaters. 
A decent home is one that satisfies all of the following 
four criteria: 
- It meets the current statutory minimum standard for 
housing - at present this is the fitness standard. 
- It is in a reasonable state of repair. 
- It has reasonably modern facilities and services. 
- It provides a reasonable degree of thermal comfort. 
Factory made sealed window units. Does not include 
windows with secondary glazing or external doors 
with double or secondary glazing (other than double 
glazed patio doors, which count as two windows). 
A dwelling is a self-contained unit of accommodation 
where all rooms and facilities available for the use of 
the occupants are behind a front door. For the most 
part a dwelling will contain one household, but may 
contain none (vacant dwelling), or may contain more 
than one (HMO). 
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Energy Efficiency 
Fixed Heating 
Glossary of Terms and Abbreviations 
The energy efficiency of an individual dwelling can he 
described in terms of an energy cost rating. Energy 
cost ratings in general gives a measure of the annual 
unit energy cost of space and water heating for the 
dwelling under a standard regime, assuming specific 
heating patterns and room temperatures. 
The energy cost rating used throughout this report is 
the Government's Standard Assessment Procedure 
(SAP). This is expressed on a scale of SAP ratings 
where the higher the number the better the standard. 
The energy cost rating (SAP) takes into account a 
range of factors that contribute to energy efficiency 
which include: 
- Thermal insulation of the building fabric. 
- Efficiency and control of the heating system. 
- The fuel used for space and water heating. 
_ Ventilation and solar gain characteristics of the 
dwelling. 
It is not affected by the individual characteristics of the 
household occupying the dwelling or by the 
geographical location. 
Heating that is physically fixed to the wall, connected 
via a gas point or fused spur. It also includes open 
fireplaces, which are capable of use with minimum 
effort (not permanently blocked), any heater that feeds 
a back boiler, 'Aga' type cookers or ranges, which also 
emit heat into the room, and large, heavy dimplex 
radiators, which are impossible for a single person to 
carry easily from room to room. 
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Floor Space 
Household 
Poor Housing 
Poor Neighbourhoods 
Glossary of Terms and Abbreviations 
The usable internal floor area of the dwelling as 
measured by the surveyor, rounded to the nearest 
square metre. It excludes integral garages, balconies, 
stores accessed from the outside only and the area 
under partition walls. 
One person living alone or a group of people who have 
the address as their only or main residence and who 
either share one meal a day or share a living room. 
Poor housing refers to dwellings, which sutTer from 
anyone or more of the following problems: 
- Assessed as being statutorily unfit for human 
habitation in 'substantial disrepair', where 'urgent' 
repairs are required to bring them to a satisfactory 
condition. 'Urgent' repairs are those where the work 
needs to be undertaken to prevent further significant 
deterioration in the short term. 
- Requiring 'essential modernisation', where anyone 
or more of the following apply: Kitchen facilities are 
more than 30 years old; electrics do not have all 
modem components; or there is no fixed space heating 
(i.e. the household relies on portable heaters only). 
Poor neighbourhoods refer to local areas where the 
surveyor visually assessed whether anyone or more of 
the following problems apply: 
- Over 10% of dwellings in the local area are visually 
assessed to be seriously defective. 
- The presence of serious problems related to any of 
the following: Vacant sites or derelict buildings; vacant 
or boarded up buildings; litter, rubbish or dumping; 
vandalism; graffiti or scruffy buildings, gardens or 
landscaping; neglected buildings. 
-------------------------------------------------128 
Private Sector Housing 
Programmable Heating 
Glossary of Terms and Abbreviations 
- Very poor visual quality of the local area. 
Housing occupied by private owners (with or without 
a mortgage) and privately rented housing. 
Electric storage heaters, which run on off-peak 
electricity and programmable gas convector heaters. In 
practice, 98% of the heating covered by this term IS 
overnight storage heating. 
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Abbreviations 
BEPI 
BRE 
BRECSU 
BREDEM 
CCL 
CFCs 
CUP 
CI 
CIBSE 
DEFRA 
DETR 
DOE 
DTI 
EC 
ECAs 
ECF 
EDAS 
EDSL 
EEC 
EEBPP 
EEO 
Glossary of Terms and Abbreviations 
Building Energy Perfonnance Index 
Building Research Establishment 
Building Research Establishment Conservation 
Support Unit 
Building Research Establishment Domestic Energy 
Model 
Climate Change Levy 
Chlorofluorocarbons 
Methane 
Combined Heat and Power 
Carbon Index 
Chartered Institution of Building Services Engineers 
Carbon Dioxide 
Department for Environment, Food and Rural Affairs 
Department of the Environment, Transport and the 
Regions 
Department of the Environment 
Department of Trade and Industry 
European Commission 
Energy Conservation Authorities 
Energy Cost Factor 
Energy Design Advice Scheme 
Environmental Design Solutions Limited 
Energy Efficiency Commitment 
Energy Efficient Best Practice Programme 
Energy Efficiency Office 
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EESoP 
EHCS 
EPHD 
EST 
ETSU 
EU 
GJ 
GW 
GWP 
GtC 
HA 
HARP 
HCR 
HECA 
HIP 
HLP 
HMSO 
HMO 
lEA 
IES 
IPCC 
J 
KW 
KWh 
LA 
Glossary of Terms and Abbreviations 
Energy Efficient Standards of Performance 
English House Condition Survey 
Energy Performance of Buildings Directive 
Energy Savings Trust 
Energy Technology Support Unit (A Part of the DTI) 
European Union 
Gigaloules (= 1000 Million Joules) 
GigaWatt (= 1000 Mega Watts) 
Global Warming Potential 
Gigatonnes of Carbon 
Housing Association 
Home Assessment Rating Procedure 
Home Condition Report 
Home Energy Conservation Act (1995) 
Home Information Pack 
Heat Loss Parameter 
Her Majesty's Stationery Office 
Houses in Multiple Occupation 
International Energy Agency 
Integrated Environmental Solutions 
Inter-Governmental Panel on Climate Change 
louie 
KiloWatt (= 1000 Watts) 
KiloWatt hour: Unit of Electrical Energy - One 
Kilowatt of Electrical Power Provided for One Hour. 
The Basic Unit of Electrical Sales. 
Local Authority 
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LDCs 
LEACs 
m 
mtoe 
NHER 
ODPM 
OFGEM 
ONS 
00 
OPEC 
PCTs 
PIU 
PJ 
PLEA 
PR 
PV 
RCEP 
RSL(s) 
SAP 
SRES 
TAS 
toe 
TW 
UN 
Glossary of Terms and Abbreviations 
Less Developed Countries 
Local Energy Advice Centres 
Million 
Million Tonnes of Oil Equivalent 
Nitrous Oxide 
National Home Energy Rating 
Office of the Deputy Prime Minister Publications 
Office of Gas and Electricity Markets 
Office for National Statistics 
Owner Occupied 
Organisation of Petroleum Exporting Countries 
Primary Care Trusts 
Performance and Innovation Unit 
PetaJoules ( = 1015 Joules) 
Passive and Low Energy Architecture 
Private Rented 
Photovoltaics 
Royal Commission on Environmental Pollution 
Registered Social Landlord(s) 
Standard Assessment Procedure (for Measuring 
Energy - the Efficiency of Houses) 
Sulphur Dioxide 
Special Report on Emission Scenarios 
Thermal Analysis Software 
Tonnes of Oil Equivalent 
TerraWatt (= 1000 Giga Watts) 
United Nations 
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UNCED 
UNEP 
UK 
US 
VOCs 
weED 
WMO 
Glossary of Terms lind Abbreviations 
United Nations Conference on Environment and 
Development 
United Nations Environment Programme 
United Kingdom 
United States 
Volatile Organic Compounds 
World Commission for Environment and Development 
World Meteorological Organization 
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Appendix A Questionnaire, SAP and Feedback Report 
Appendix A 
Questionnaire 
This questionnaire is aimed to find out the conditions of 'Private Rented 
Accommodation' in Sheffield. 
QUESTIONS ANSWERS PROPERTY 1 PROPERTY 2 PROPERTY 3 PR(WERH' 4 "ROPERH ~ 
Please tick boxes for each properly 
Q I: Address of the property? 
and write properly's address below. Address I Address 2 Address 3 Address 4 Addn:ss ." 
House (e.g. detached. terraced. etc.) 
-- ------~-Q2: Type of the property? Flat (c.g. purpose-built or converted) 
Bungalow ---~-~ 
One 
--Two 
--.~ Q3: Bedroom number of the property? Three 1--- ----~---Four 
More than 'Four' 
Pre 1900 
-- - ----------
1900-1944 
--~ 1----------04: What age is the property? 1945-1964 
1965-1990 
Post 1990 
Gas Central 
05: What type of heating is used in Local gas fire -~-Electric Storage heaters the property? 
Electric bar 
Others 
Programmer and time switch 
--- ---~--. --_ .. Q6: If 'Gas Central Heating', which Room and cylinder thermostats 
---~--t--~~--------
controls does it have? Zone controls 
----- 1-----------Thermostatic radiator valves 
Q7: Does this property have wall Yes ----~ No 
--Insulation? Don't know 
Yes Q8: Does this property have floor No 
---insulation? 
Don't know 
Yes t--------------09: Does this property have roof No 
-- 1--------------insulation? Don't know 
Yes \------QIO: Does this property have draught No 
--I--stripping? Don't know 
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QIl: Does this property have double- Full 
glazing? Partial 
None 
From gas central heating 
QI2: How is the hot water generated? Electric immersion heater Individual gas fired units 
Other 
Time clock 
Q13: Controls for hot water? Thermostat 
None 
Q14: What does the property usc for Electricity 
Cooking? Gas Other 
Q15: Does the property have 10\\ Yes 
energy lighting? No Don't know 
PROPERTY I 
rJi 
PROPERTY 2 rJi 
~ 
~ PROPERTY 3 Q 
Q 
PROPERTY 4 « 
PROPERTY 5 
Would you like to receive a summary of 0 I Address: I the responses, please tick: 
Thank you very much for your time. Please return this form to Mr H. Altan in 
the prepaid envelope provided. 
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Cover Letter (Housing Services Support) 
THE UNIVERSITY OF SHEFFfELD 
i Accommodation Hnd Catering Services .·/cling lIead Geoff 1·1olfcr ..rCIS Housing Services 12 Claremont Crcscenl Sheffield SID 2TA Tel: () 114222 605M Fax: 01142220289 
FMD 
---
Email: b.birch@shcf.ac.uk 
GAFIDKlBB 
Date as Postmark 
Dear Landlord/Landlady 
Forum for UniverSity Registered LandlordlLandladies 
Further to our December 2002 Newsletter, I write to confirm that the sixth Forum for Registered 
Landlords \\ill be held on Monday 15th April 2002 at 7.00pm. The venue for the Forum will be the 
Senior Common Room, Level 5, at University House. Please note that University House is adjacent 
to the Union of Students on Western Bank. 
The agenda for the Forum has not yet been finalised but it is hoped to include a presentation by 
Environmental Housing of Sheffield City Council on the citywide 'Sheffield Standard' which wa~ 
recently launched for consultation with Sh.:flield Landlords. 
An opportunity Will be given after this presentation for LancilordslLandladics to raise any appropriate 
questIons, retanng to the 'Sheffield Standards'. Following 1 break for refreshments it is planned to 
Include an open session with questions from the floor to members of Housing Services staff on any 
matter relating to the private rented sector It is also hoped that representatives from the Union of 
Students and Endslelgh Insurance will be in attendance. The Forum will then finish at 9.00pm. :llIt 
members of staff from Housing Services will be around until 9.30pm. 
Please note that a detailed agenda will be circulated in early April to all registered Landlords who 
indicate that they \\Ish to attend the Forum. 
lf~'ou are interested in attending please complete and return the attached slip to 
Barbara Birch, Housing Services, 12 Claremont Crescent, Sheffield, SIO 2TA 
Please Note that due to fire safety considerations, places at the Fomm arc limited and all 
applications will be treated on a 'first come first served' basis. Attendance at the Forum will be 
strieth Illnited to Invitation Holders Only, 
Fil1;1lh. we have recently been approached by one of our students, Mr Hasim Altan from the School 
of Architectural Studies. who is conducting PhD research on energy effieienc" in the pnvate rcnted 
sector in Shetlicld. Mr Altan has produced a brief questionnaire and I very much hope that ~·ou will 
be able to assist \\Ith this research by spending a few minutes to completc this questionnaire for ~'our 
property/properties 
Please Return All Completed Questionnaires To Mr Altan In The Pre-Paid Envelope Provided. 
Please note that all data will be held in accordance with the data protection act and the sl1r\'c~' \\ ill b.: 
earned out m sllch a \\ay that no Individual property \1 ill be identified. Your assistance In this matter 
\\ III be greatl\ appreCiated 
Yours slIle,rel\ 
• If. I' /' ··--l·li.~J I( :ll'J~~ -
. I 
Mr G A F1oll\;r' 
Acting Head of Accol1lllll,ldation and. Ci1!-';I~l1gScrvlccs 
L-__________________________ . __ _ 
-------------------------------------------------137 
Appendix A Questionnaire, AP and Feedback Report 
Investigation Sample (Property No: 89/90) 
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SAP Calculations 
Worksheet Calculations 
The method of calculating the rating is set out in the form of a worksheet, 
accompanied by a series of tables. A calculation is carried out by completing the 
numbered entries in the worksheet sequentially. Some entries are obtained by 
calculation from entries already made or by carrying forward an earlier entry; 
highlighting is used to indicate where that applies. Other entries are obtained, using 
linear interpolation where appropriate, by reference to tables 1 to 14 (see page 149 -
153). 
1. Dwelling Dimensions 
Dimensions refer to the inner surfaces of the elements bounding the dwelling. 
Thus floor dimensions are obtained by measuring between the inner surfaces of the 
external or party walls. This measurement should include all internal walls and built-
in cupboards that are accessible from the occupied area of the dwelling. It should also 
include porches and conservatories where they are heated and form part of the 
habitable space. It should, however, exclude porches and conservatories where they 
are not heated and are clearly divided from the dwelling. Storey height is the total 
height between the ceiling surface of a given storey and the ceiling surface of the 
storey below. For a single storey dwelling, or the ground floor of a dwelling with 
more than one storey, the measurement should be from floor surface to ceiling 
surface. 
2. Ventilation Rate 
Chimneys and flues should be entered only when they are unrestricted and suitable 
for use. Balanced flues, such as those on many gas boilers and wall-mounted 
convector heaters, should not be included. Extract fans, including cooker hoods and 
other independent extractor fans should be included in the 'number of fans' category, 
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but those that fonn part of a whole-dwelling mechanical ventilation system should he 
excluded. 
Mechanical ventilation should only be entered if the whole dwelling is served hy a 
mechanical ventilation system. Many whole-dwelling mechanical ventilation systems 
have a heat exchanger to recover heat from the stale air being extracted from the 
dwelling. A wann-air heating system with flue heat recovery nonnally fonns part of a 
full mechanical ventilation system with heat recovery. 
In dwellings that have been subjected to a pressurisation test, steps (11) to (18) of 
the calculation may be by-passed. The air leakage at 50 Pa pressure difference, 
obtained from the test, is divided by 20 and the resulting value is entered in box (19). 
When calculating for a new dwelling for Building Regulations purposes, enter 
100% in box (16) for draught stripping of windows and doors. In the same context, it 
should be assumed that 2 sides of the dwelling are sheltered and hence the value 2 
should be entered in box (20). 
3. Heat Losses 
The areas of building elements are derived using the same principles as set out in 
section 1, being based on the internal footnote dimensions of surfaces bounding the 
dwelling. Window area refers to the total area of the openings, including frames. Wall 
area is the net area of walls after allowing for windows and doors. Roof area is also 
net of any rooflights or windows set in the roof. The 'other' category is included 
principally to allow for the entry of heat losses to adjoining unheated areas, such as 
garages and conservatories. Box (35) can also be used to enter the sum of other heat 
losses calculated separately in those cases where there are several types of wall or 
roof. Losses or gains through party walls to spaces in other dwellings that are 
expected to be heated are assumed to be zero. 
V-values for walls and roofs should be calculated using the proportional area 
method given in CIBSE Guide A3. V-values for floors should be calculated using the 
procedure described in BRE Information Papers IP3/90 and 1 P7/93 and in Appendix 
C of the Building Regulations Approved Document L. U-values for windows should 
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be obtained from Annex A unless certified manufacturer's data are available. This 
gives values appropriate for the whole window opening, including frames. 
4. Water Heating Energy Requirements 
Demand for hot water is derived from the floor area of the dwelling and is given in 
table 1 (see page 149). The energy required to produce that amount of hot water is 
then calculated, taking account of losses in generation, storage and distribution. The 
amount of heat released to the dwelling in the process of heating water is also 
estimated (,heat gains from water heating'. box (52)) so that it can be taken into 
account in the calculation of space heating requirements. 
A distinction is made between instantaneous water heating, which heats water 
when it is required, and water heating that relies on storage of hot water in a cylinder 
or tanle 'Primary' and 'cylinder' losses are not entered for instantaneous heaters. 
'Single-point' heaters, which are located at the point of use and serve only one outlet. 
do not have distribution losses either. Gas 'multipoint' water heaters and 'combi' 
boilers are outlets, they arc assumed to have distribution losses. 
Stored hot water systems can either be served by an electric immersion heater or 
obtain heat from a boiler through a primary circuit. In both cases, cylinder losses arc 
incurred to an extent that depends on how well the storage cylinder is insulated. Table 
2 (see page 149) gives factors for calculating cylinder loss for different thicknesses of 
insulation. For boiler systems, primary losses are incurred in transferring heat from 
the boiler to the cylinder; values for primary losses are obtained from table 3 (see 
page 149). 
Water heating efficiency is obtained from table 4 (see page 150 - 151). Note that 
the efficiency is reduced by 5% for systems that do not have a means of shutting 
down the boiler when the hot water of cylinder reaches the required temperature. A 
thennostat on the hot water cylinder that controls the boiler via a relay or the 
auxiliary contacts on a motorised control valve normally carry out this function. 
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5. Internal Gains 
Internal gains from lights, appliances, cooking and from the occupants of the 
dwelling arc estimated from floor area and obtained from table 5 (see page 151). 
Gains from central heating pumps located within the heated space are added to the 
value obtained from this table, using the values given in the footnote to that table. 
Gains from the fans in a whole-dwelling mechanical ventilation system arc also 
included but no gains are assumed from individual extractor fans. 
6. Solar Gains and Utilisation Factor 
The solar gains entered are typical of the UK average and for dwellings where 
orientations are known should be obtained from table 6 (see page 15 I). Gains for a 
particular location not to be used for this purpose, even though they might be 
considered to be more accurate for a particular case. 
The solar access factor, box (65), is assumed to be 0.4 for a building that has heavy 
overshading, 0.7 more than average, 1.0 for average and 1.3 for a building with very 
little overshading. 
For new dwellings being assessed for Building Regulations, where orientations 
have not been fixed, glazed elements should be entered for East/West orientations and 
the solar access factor set to I. 
The solar gains are added to the internal gains to give total heat gains. A utilisation 
factor is then applied to the gains, which has the effect of reducing the contribution of 
gains where they are large in relation to the heat load. This factor calculated from the 
ratio of the total heat gains to the specific heat loss of the dwelling and is obtained 
from table 7 (see page 152). 
7. Mean Internal Temperature 
The calculated mean internal temperature is based on the heating requirements of a 
typical household, taking account of the degree to which the dwelling is insulated and 
how well the heating can be controlled. The average temperature of the living area is 
obtained from table 8 (see page 152), using the 'Heat loss parameter' (HLP), obtained 
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from box (38) in the worksheet, and the type of heating system, obtained from the 
'Heating' column of table 4a (see page 150). Note that the temperature obtained is 
raised in certain cases where the heating controls are poor; such cases are identified in 
table 4b (see page 151). This result is adjusted to take account of the level of heat 
gains previously calculated in sections 5 and 6 of the worksheet. 
The temperature difference between the living area (zone 1) and the rest of the 
house is obtained from table 9 (see page 152), using the HLP and the 'Control' 
column of table 4b (see page 151). 
Zone 1 is defined as all rooms in the dwelling that are accessible from the living 
room without having to open any doors or to go up or down stairs. The fraction (F) of 
the dwelling in Zone 1 may be measured or, where appropriate, can be estimated from 
the number of rooms in each zone, using the formula: 
F= (1 + number of rooms in Zone 1) 
(1 + total number of rooms) 
For the purpose of this calculation, all rooms should be counted, but bathrooms 
and toilets should only count as half one room each. The hall and landing count as a 
single room. 
8. Degree-Days 
The degree-days depend on the 'base' temperature, which is calculated by 
adjusting the mean internal temperature to account of the heat provided by gains. 
Degree-days for different base temperatures are obtained from table 10 (see page 
152), using linear interpolation for intermediate values 
9. Space Heating Requirements 
The 'useful' energy required from the heating system is calculated from degree-
days and specific heat loss. The quantity of fuel or electric energy required to meet 
that demand is then calculated, taking account of the efficiency of the space heating 
system (obtained from table 4a - page 150). The procedure for dealing with dwellings 
that have more than one heating system is described in Annex B. Table 11 (see page 
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152) gives the combinations of heating systems that may be used in the SAP, together 
with the proportions of heat assumed to be supplied by main and secondary systems. 
10. Fuel Costs 
Fuel costs are calculated using the fuel and electricity requirements calculated 
earlier in the worksheet and prices obtained from table 12 (see page 153). The prices 
given in this table are averaged over the previous three years and across regions. 
Other prices must not be used for the purpose of this calculation. 
11. Energy Cost Rating 
An energy cost deflator term is applied before the rating is calculated. The purpose 
of the deflator is to ensure that the ratings do not, on average, change with fuel price 
changes. The energy cost deflator will be updated periodically, as will the fuel prices 
in table 12 (see page 153). The SAP rating is related to the energy cost factor by the 
equation: 
SAP = 115 - 100 x 10gl0 (ECF) 
where: ECF = Energy Cost Factor 
SAP ratings may also be obtained by using table 14 (see page 153). 
The SAP rating scale was chosen to cover a wide spectrum of energy costs, rising 
by one unit as cost falls by a constant percentage. A SAP rating of I represents a poor 
standard of energy efficiency while a rating of 100 represents a very high standard. 
With respect to the Building Regulations 1991 (amended 1994), a SAP rating of 60 or 
below indicates the need for a higher standard of fabric insulation. A SAP rating of 
more than the target specified in table 4 in the Approved Document L is accepted as 
showing compliance with fabric insulation requirements, provided the guidance for 
limiting U-values and thermal bridging around openings is followed. 
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Worksheet Page 1 
SAP WORKSHEET (Ver ion - 9.53) 
1. Ovo:rull dwt'lling dimensions 
Ground floor 
First n()( I' 
Second fl oor 
Third und Olher noor\ 
Tow l flnnr areu ( I u) + (2u) + (3a) + (43) = 
Dwe lling vo lu me (m ') 
2. Ventilation rute 
Nurnocr n[chlmney' 
Number of nue, 
li mber nf fan~ and p~"si events 
( Ib) 
Area 
(m ' ) 
r--_-.J ( 1:1) )( 
[ =---.l (2u) x 
-.-l (33) x 
r- (4:1 ) )( 
1 ~: (5) 
+ (2b) + (3b) 
I J x 
I -:-1 x 
--' I x 
Av. Room Volnme 
hei~hl(m) ( In') 
1-
-..--l i I (lb) 
L-J I (_h ) 
I I _J ( 3b ) 
r -~ -.J (4b) 
+ (4b) 1(6) 
111'1 pel- hour 
40 1(7) 
20 1 (H) 
10 ' (9) 
Air dlnn~es pcr hOlll' 
In fi ltration dll\! to <' himney" fa n, (\I1d flue s 
«7) + (8) + (9» + l6) = L._. 1 ( 10) 
(( a pre.tS/lri.\lIlio/l lal/UI.I b~"/1 ,'llrril' d III/I. pml'l'rd 10 box ( / 9) 
NUll10cr of ,wn.'ys ( II ) 
Addili nal \I1tiilralion « 11) I ) x O. I 
SlnH:tU ra l JIltiil.u tinn 0 .25 ~<Jr timber frarne . 
OJ5 tor masonry conslrm:llOn 
. 0.2 (u nsea led ) 
11 su,pcndcd wooden nnor. enter 0.1 (,cnlcd) 
If no dl1lught lobhy, enll!r O.OS 
Percentage of windows und door\ draught s tripped 
£"fer I()() fllr IUW {lw~II"'K" whirh tlrt' In (,oil/ply with BII;td;l1~ Rf'guittli<Jfls 
W indow infiltrallon 
Infiltrati o n ra le ( 10) + 
If prcssuri,,,t. o n test done. (n.ea-m 'd L .. + 20) 
e lse kt ( 19) = ( 18) 
NUlI1bcr of side, nn wh ich _hdwrcd 
0.25 - (0.2 >< ( 16) + I()O) 
( 12) + (\3) + ( 14) + ( 15) ... ( 17) 
... (10) 
- I (20) 
Enre r 2 for Itt'> W d\vl~lI;ug., w lrt' I"r loctltio" i.\ not shoWIl 
Shelter fnclor = 1 - 0.075 x (20) 
If me 'haniea] vcnlilmifln wilh heal rCI.:lIl'cry. 
effecti ve air change ra tc 
::-J (2 1) 
« 19) x (21) + 0.17) 
(lfll O h"tll re, (l1"' / Y, " dd 0.33 till' I hllng~-' P'" /ro llr /(J I'a/lle ill box (22)) 
(19) x (2 1) 
l f natu ml ve nt.latio n. the n "ir ehnng" rale 
If (23) ~ 1. thell (24) = (23) 
else (24) ~ 0.5 ... «23)' x 0 .5) 
Effective a ll chung\! ra te (enter (22) or (24) ) 
'- _1 ( 12) 
1 ( I J) 
L _-l ( 14) 
~(1 5) 
_J ( 16) 
l 
o I 
J ( 17) 
_J ( I S) 
~ , (1') 
(22) 
r---' (25) 
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3. Hcat losses and heat loss parameter 
Area U-value A x U 
ELEMENT (01') (W/m'K ) 
(WIK) 
Doors IJ x L_ 1 C.-J (26) 
Window~ (single ghl /.cd) 0.9 x I 1 x r..=-.-J L1 (27) 
-
Windows (double g ln7.ed) 0.9 x L I x L-J r-- 1(28) 
Roonights 0.9 x 1 1 x L - J 1 1(29) 
Ground fl oor L--:l x I :.-:J r--J (30) 
Walls (type 1) r _ I x r - 1 I 1 (31) 
W alls (Iype 2) ~ x L-I c=.....J (32) 
Roof (type I) I I x ~ 1 (33) 
Roof (I ypc 2) L...-- J x [~ r-=-.-J (34) 
Other ~ )( r --=.J I 1 (35) 
Ventilation heal I ()~' (25) x OJ3 x (6) 
c-I (36) 
Specific heat loss (26) + (27) + ...... . (35) + 
(36) r-- 1 (37) 
Hcatloss parallletcr (HLP) (37) + (5) r 
1 (38 ) 
4. Water heating energy requircmenl~ 
G.J/ycar 
Energy content of healed wah!r (Table I . column (u» - - ._, (39) 
I/instllntwu'ous walf r hl' lIIillg lit I'oill/ O/U.H'. e/l/er 0 ill boxes (40). (43) (llid (48). IIlUi gll/o (49) 
Dislribulion los~ fTable I . w lumn (b») - I (40) 
Ifno IlOt walu tllllk (ie comb; Of lIIultipoin/ ). go 10 (49) 
Tank Volume 
L _ I (41) 
[ ..-::-- -I (42) 
Tank loss facto r (Table 2) 
EIIl;rgy lost from lank in GJ/yea r 
(41) x (42) 
Ifll ll slIl"r POllef. ell /I'/' 0 ill h()\ (4 7) olld go 10 (411) 
ArclI of ~olar pUllel (m' ) r --::-J (44) 
Solar energy available 1.3 )( (44) L -, (45 ) 
Load "'lin (39) + (45) = c=J (46) 
Solar input = (45) x (46) + (I + (46» = r-=J (47) 
Primary circuit Ims Crable 3) 
Output from water heater 
(39) + (40) + (43) + (48) 
[ __ J (50) 
(47) 
Eflicicncy of water heatcr (Table 4 ) % 
Energy rcquircd fllr water healing 
lI eat gllins from water heating 
(49) + (50) x 100 
0.8 )( «40) + (43) + (48» + 0.25 x (39) 
r= ; (43) 
I-j (48) 
1 __ J (49) 
r __ J (SI ) 
~(S2) 
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5. Internal gains 
LighL~, appliances. "ooking and metabolic (Table 5) 
Wnter heating 
Total internal gains 
6. Solar gains 
:\ 1.7 x (52) 
(53) + (54) 
I 
L 
1(5.1) 
1 (54) 
1(55) 
Ellter lilt' {/re/l 01 lite who le wil1dow includillg lral/l~s lIlII/lhl' value Ji" .w lar.f/ux Obl(/inrd from T(/hle 6. 
For Building RI'Rulaliol/s 1I seun~/ll lVh n orifl ntal;on.\· arr I/ot knowlI, fill \'e I1;wl g/a: ;flR should he en tcr/'d /IS fVW. 
Orientlltion 
Area Flux 
Nonh r-=J x L 
Nonhcast ~l x I I 
Ea.~t l --=:J x L_ - I 
Southeast L'-:J x L_ 
1 
South L x I- I 
Southwest L-=:J x I~.J 
~ x C-l 
West 
Nonhwcst I ~ x ~l 
RooHi ghts 
[_J x [-~ 
Solar uc.:e~s factor 
Ell ta I lor III'W dwellillgs ",//pre (}\ ·rr.fhad;flR is litH knowlI 
Solar goin: ( K average) « 56) + (57) • .. ....... + (64» x (65) 
T{)lal gain. (W) 
Gains/loss ratio (GLR) 
Utilisation fH etor ( rable 7) 
U. eful gain~ (W) 
7. Mean internlll temperature 
67) (37) 
(55) + (66) 
L--:::=J (68) 
~ (69) 
(67) x (69) 
Mean internal temperature 01 the living are:! ( rable 8) 
Adjustment for gains 0.2 X R x «70) ~ (37) - 4.0) 
R is oblailll'dfrom tlw ' /'{' s(Jof!S;\'elll'ss' 1'011111111 olTable 4a 
Adjusted li ving room temperature 
Temperature di fference between 1.o nes (Table 9) 
Living area fraction (0 [0 1.0) 
Rest-of-house area fraction 
Menn internaltempernture 
(71) + (72) 
1.0 - (75) 
(73) - «74) x (76» 
Gllins(W) 
I 1(56) 
L _ ---I (57) 
r-= I (5R) 
[-==.1 (5Q) 
I -'J (60) 
l_I (6 1) 
L J (62) 
[ (63) 
_--1(64) 
L_---l (65) 
r:::-_ 1 (till ) 
! 
1-
1 (67) 
i __ - 'l (70) 
I _ J (7 1) 
L_ ' (72) 
I - J(73) 
;__ ~ (74) 
I - t (75) 
r __ 1(76) 
1- 1(77) 
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8. Degree-days 
Temperature ri,c fmlll gain, 
Base temperature 
Degrcc duys (li c (7<) and Table 10 to adju't ba.e) 
9. Space htating requircmt nt 
Encrgy rC4uircl1lcnl (u,cful) 
Frudinn of heal from ~cc()ndary 'y~lcm 
UU ,·,t/IIl' IIbfllill~d fro," Tahir I J 
Efficiency erf main heating 'y'lcm (Table 4{a» 
Efficiency (If ,cwndary hC(lling syMcm (Table 4(01» 
Space healing fuel (m:lIn) 
SpUl'e h '3ting fuel (,ccomlury ) 
(70) + (37) 
(77) (78) 
0.0000864 x (80) x (37) 
} Rrdun: by 111l' IImllllllt ","ml'll III Iii,· 
'cffil'lcm'Y' I'olllllln vi Ti/bll' 4(b). 
where appropriate. 
( 1.0 - (82» x (8 1) x 100 ... (83) = 
(82) x (8 J) x 100 ... (84) = 
Elcctlicity fur plllllP~ lind fUII ~ 
£II/U 0.47 GJ for l'oeil f ,'n/ral It"lIlillg PIIII/P, 0.16 GJ for/'(lelt boiler witfl (I /oll ·(I".,i.wed jllI l'. 
GJ/ycn r 
Imo 
I (7f» 
: (~O) 
I (~I) 
1 (82) 
1----' (X) 
1 (84) 
, (R5) 
I (R(r) 
" '01' warlll (IIr healing .<y<l£,,,,jurl .• "dd 0.002 GJ x Ihe w>iLlme of /Ill! dwel/illg. (liil'''1/ ill bor (6 )). 
FIJI'dw"/lillg.1 willt .... hoff. fllI/lSI! mcdul/liml I" ' I/Ii/Olioll. add O,(XJ4 GJ x lite ,'o /ume /lfllte dwl'llillg . I (87) 
10 . .-uel l'oslS fuel price> 10 be ot>lalllcd from Tab!.: 12 
GJ/ycar x Fucl price 
Space! heat ing 
(85) x r--::.l 
(86) x ~I 
. secondary sy,rem 
Wilier healing 
/f(lfj'-f'l'lJk ('11'(" 1';'- waler /realing : 
Fuel price 
On.peak pcrn:ntagc (Tnhle 1.\) c-.:-' (90) 
(90) ,-- J (9 1) 
(5 1) x « 90) ... 1(0) x L-J 
(51) x «91) + 1(0) x I --I 
EI.I-.. : 
(5 1) x .I 
(87) x L-J 
W3t.:r heming cost 
Pump/fan energy ,0,1 
Addi l ional standing. chargc.~ (Tat>k 12) 
Total hcating 
(88) + ( 9) + (92) + (93) + (94) + (95) + (96) 
II . SAP rating 
£n~rgy cos t dellator (Table 12 foolnole! ') 
« 97) x (98) - 40.0) .,. (5) 
Energy t·o, t f" tOI (ECF) 
SAP rmillg (Table 14) 
£IyCll l' 
L_-" (S3) 
__ J (89) 
£Iycur 
(92) 
~(93) 
r---. (')4) 
1 (95) 
(I)() 
..----l (97) 
~(98) 
1('19) 
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Table I : Hot waler energy requirement~ 
(a) (b) 
._----------
.10 4U 07.1 
40 466 0.8~ 
50 S It; 091 
60 'i.6~ 100 
70 617 10') 
80 6.6) 1.17 
90 7.11 1.26 
100 7.57 1.34 
110 HOI 1.41 
120 1144 1.49 
130 ll.86 1.56 
140 9.26 1.63 
150 9.65 1.70 
160 1001 1.77 
170 1040 1.84 
180 IO.7S 190 
190 I I JO 196 
20() IIAl 2.02 
210 11.74 2.07 
220 12.0.'i 2.13 
2.10 In4 .:US 
240 12.62 2.23 
250 12H'J 2.27 
260 11 15 2.12 
270 I ~ 39 2.36 
2)10 1:162 2.40 
2')0 LlH4 244 
300 1404 :1 4R 
.---.-------.. -
Table 2 : Hot waler cylinder loss factor (GJ/yellrllitre) 
Multiply by n'lintl," I'fllufnr in lill(',\ to ,,(dills., 
Insulation Type 
thlckne..,; 
nun Foam Jllcket 
--.---------
None 0()945 0.()94~ 
12.5 0.0315 0.0725 
25 0.0157 0.0504 
38 0.0104 00331 
50' ooon O.O2~2 
80 00049 00157 
100 o OWl) 00126 
150 0.()()26 O.OOX4 
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Alternatively. requirements and gains llIay be calcularcd 
fromlhc IOlal Hoor arca of Ih~ dwelling (TFA), lI,jug Ihe 
loll owing steps: 
(a) C"kulalc N" O.m5 x TFA - O.(XMl [jJ~ x TFA'.if TFA $ 4Z0 
= 8.0 ifTFA ;. 420 
(b) lIul waler ">age = O.K5 x (92 + 61 x N) ~ 31.71 
(,.) Dislribuliu" I,,,, :lU5 X (92 + 61 x N) ~ :l1.71 
Table 3 : Primary ci('(uillo.'i.~es (GJ/year) 
System I"ss (;J/year 
~--------------------
Ek'Clric immersion healer 
Boiler with uninsulutcd primary 
pipework and no cylinder stat' 
BOller with insulaled pnmary 
pipcwork and no cylinder slal* 
Boiler wIth uni nsulatcd pnmary 
pipe work and with cy hoder still 
Boiler with in.,ulakd prinmry 
plpcwork and wilh cylinder sIal 
00 
4.4 
2.2 
2.2 
IJ 
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Table 4a: Hpalin.: ~)'slt'm rfficit'nl'Y 
Iln\,ahk 'h!:, .... ' "p.I\.C ht' .. r!ll~ dll~''':'h~. \\',Ih:l hl.'III'~ dllll!:"IK)" ;11\(1 
IINalllt'd In'"1 11,l'> Illlj.' \\ tl,'n h'l, \\.t!tP I' t~lltl\.1 !"llilk. ,~:-.I<.:rn ~'(lr 
IT14:kpl"nlklll d\"~'rtJ, \'. . .It·' 1\4. ,dll\~ 'l\l' 10(1'; l ,~. -0" tnr !Ioln~k·J'.lIl1! ~;p. 
~Jta h"',tkr ... h'l mllill i"'''I' ~.I' \,;11,'1 h\"t','r, ;tnd Inr ill',11 t"~Than!!l'"" 
hlull IfIIII i.I' "",II III JIl Iw.I'L"r, 1I\.t.' ~"", 
t:nic:M.'nt.·., Hl'a'in~ Kt.-sptmsi"l·-
(';It ) l.~pt' ntos.' 
CENTRAL HEATIN(; '1)'\ I f:MS " ITII RADIAl OKS 
J "HIllll11g I\lh rttn \ ;(' 11k dr/'II'pIlO/{ (tll/lllI1~ m Trlbh'''' 
! Rtft'rlo (;"'111' ! In Tdhlf 4;' Jm (."u/,rJl (I!HIOfH 
I Ch,'d. Tabie .J/J lor ('ffll '/t'!!, \ (Ji~/II\rff1t'f'l dm In pfltl/ L IIlIlmh 
..f Wh('" Iu II ji!(,f1 ('I 1111' l'll' I' fhr /1' \/ '\ j, 'I" ,(,on h(I,.lIl/,I( IJl/lllh, 
wOllldf.\!1i1 II/lit" IInl/11 '.: 
I ulY!,lhL'rrlwl, :lp.h.'I~ -, 
':'.Ihghlll llll~n\J,,"r. IIlL'tn"L1 .. ·'P,t. 1·;'- M.; 
.\ Ctlm.h."hlf1~ ~" 
4. Clmlhl 
5 Condclhilif \.. '.lIllhl 
Ga.' boDe,." Iind .. din~ I.PC;' .. ith I>Hlan.....t II< "IK'n filii' 
\\'all mounll'd 
Floor muunh .. 'd. p,"'1 1\)7(1 
FloClI IIIPU11I\..'U. pr( 19"7,) 
4. Ctlf1lhl fl.';' 
" RIM)O\ ru..'Jlt:r + h.IL~ h...llil' I (l~ 
011 b"lIer, 
Sfandard 011 hllill'l I'fl· llj~"" 6' 
Slano..srd oil noli .... , It)~:ci III I.lh·, ~p 
('o!lc .... n\llI)! ~llkl "I~ 
Solid hK'1 boill''''' 
M,anual ftc;J (ill hl..',I'cd \jl;I~\:l N) 
Manuotl tcl..·(1 fill \/Idle,llCd ,r· tu· 1 ~~ 
Ailloff'rd (111 ttc.th'd '1'.ll,·) 0:0-
Aull1fcI!d (Ill unht::ut'l.l 'r';H l' I flO 
0","11 fin' \\ Ilh b.lI .. L 
boi!~r hi r .. l(i-. ..;" 
C'lo'"t'd 1iH' Wllh h.l" k 
(,< 
F.lrt·trk tw,ih.'f"'!\o 
Dr)' l.·(lr..: hUlkr In 111.'<lh'(I "P,h l' IIW, 
Ory "'>I" hollkl Of' ,,,,h,'''''''' '1'.1<,' X' 
!:.l:ollorny 7 h'nik! 
in ht"atcJ ... p.il..'t' 
Economy 7 nniler 
in unhcakd 'p(II,:~· 
On·p<'''~ heal pump 
Z4 hour heat pump 
IlK) 
STORAGE RAIlI.·\T()R SYS rL~1\ 
Old (imgl' \ Illlll1h: I 
~tor,lgt.' hl'i\{\.:'P, 
Mud.:rn t ... lullllnl') 
.... tolllgl· hl'Hlt'1 \ 
COII\cdur 'I\lla~l· hl';tlt'r. 
F;tn-J"i:-.lcJ !'ol(Jf<Jg .. · hL',Ih'I' 
l:.lcdlll' IIr1ck'rtl\I(1f hC.I1If:t: 
III' 
11M' 
IIMI 
11M) 
11\1 
10 
10 
10 
10 
10 
10 
10 
10 
In 
II) 
1(' 
10 
III 
II 7.~ 
II 7~ 
0.1.' 
(17) 
o .Ill 
0)0 
I) 7:; 
07' 
0.75 
07'; 
10 
10 
00 
() 2'; 
025 
O'i 
11.0 
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F.ffirirnn H'!Ilin~ IhsponsjV\'· 
t %). Iypt' nt'" 
'1\1 ARM AIR SYSTEMS 
, N"fa 10 (jl/II/P .,' in {ahie 4b .10/ I "lIffn/ optiol/\ 
Ga.,.firt'<l warm Uif \tilh run~i)s.~istt.-d Hilt' 
Dth':ll'd. wilh g,l." .ur mOf.hd'III(1I1 KO 
R(lOIlJ h(:~lh.'r. Vollh 11\ liti(1f dUl'I" T! 
Ga.,.tirt'(i worm air wllh h.l.nl~'d fir op"" n,J(' 
l)U(h:U (on/off ..:ntlllol) 70 I 
U11I.:tcd (mt)dul;ltiIl~ ("(IIlLnlll 72 
Stuh dlldt'd 70 
DuL"fl.'d with fllle hl'lit rl~(\l\'cry X"" 
Snlb JIH:lcU with flul' h"'alll"t'I)\'CI'Y X2 
(\lftdcn~in£ 
01l·6n.'<I warm air 
DUl'tl . .'d outpul (on/olf lonlroi) 
Iludl.'d tllIlpul 
ll1lodui.lling. ulnrroJ) 
Siub (hilI ,y\ll'lII 
Ij:ll'l'lrk' warm air 
EkdTl~·<lHl· ""),,tt'11l 
Air to iJir heal pump 
ROOM HEATFR SYSTEMS 
')4 
10 
70 
1m 
250 
/. R~Jt-r 10 GrollI' 4 it! fablt- 4" lor nmtrol (lptU'II) 
1.11 
10 
1.0 
10 
1.0 
1.0 
1.0 
1.0 
1.11 
10 
1(1 
07:; 
1.0 
2. Chn k TIIMc 411 for lfJid(II/('Y (Illjw'II11t'1fI ,/(1(' I() poor nJ1ltn" 
(;as 
Old ..;lylc ~J..' tifl' ~(llx~n flont) 
M(ldl'fIl ~a>; lite 
{gld ....... t'ndo.,()l! flllllll 
Modern gas lir\' ~ IIIl 
o.llallfcu HUt' 
Mn(krn gas hie With 
n~lt'l bOIIl'1 (Illl rads) 
C)ndcn:">in~ I!ih fill' 
(tall a~";I\tL'd Ihll') 
Ga ... nrc (11' ro(ll\\ h(.'ah..'J 
With f;lO·a"':-'lsll~U nUl' 
Coal rfft'd fin: In fir~pla\:c 
(\)~.d dl~·i.'1 fire III 11'tllll 
~,f Iin'plillT 
Solid rut'l 
Op~n lire m grillt' 
Opt'n firl..' III gr,II\..·. WIth 
throat rt~,!rid\ll 
OpL'rl lir\..' 'Wllh Ildl . .'k !:lolk'r 
(no 1,lds) 
Cit "cd room hl'i1t~r 
Clo"OCd wnlll neakl 
with b.td; hoikr 
Ell,,'trir (dir('d arting) 
Paul'! l'OI1\L'dM or 
rat.ll,tllI hl';i1l'rS 
PorlOlhk' l'h,"l'lri( heah.:r~ 
OTHl:R SYSTEMS 
00 
79 
25 
.jl 
1I~1 
J(KI 
R('ill 10 grulfp5for n!lllrol opliof/\ 
li~t~ UIIJcrlhKlf hC~I!ing 7{) 
('l.t'. nHckrtJOHf hcall1lg. 
\.:IIIHJt.:II,llIg h(lIltor 
Ek.:trlL' 1.:\..'11 Ill!! ht:ating 
X7 
ICW) 
1.0 
1.0 
10 
1.0 
1.0 
III 
10 
10 
0:\ 
0.5 
0.5 
115 
05 
1.0 
10 
0.25 
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Tablt' 4b: Heating s~ ,1em controls 
I. US<' /l,hi,' .J1I (0 ,d"l ( ul'l'm,>r/{/({' (;'O"/' ,'I (hi.' fllhi,·. 
., 'COlJtru/' (ellrs 10 the tlp/)J()l'notl ."II/llmn til Tobit' C) 
3. 'J:..lft('l(·Ilc \,' ;\ 1/11 (/{lju.,fmnrr th"l ,'"""Id /1(" \1I/,!rClc/nj 
from the \{Wf (' IrnITII1g l'fh,'u !l/'\ (!I,llllm'{f Jnml T(lbl£' 4", 
4. 'Tl'mp' I\' (lI1ll1/jll,\!l11t III thut ,!roultllh dddcd III tlw 
f£'mp('nIiUrt-' (lh/mflnl/n)m fah/l-' g 
Type of ('ontrol ('onlrol Eflkit'llcy Temp 
% (1(' 
GROUP I 1l01l.FH SYSTI'MS WITH H/\J)IATORS 
No rhermo ... l.1th. lnll11tll 
of n)Olll [l'mpl'ratufl.: 
Progral1ll1ll'r + ""IlI'("( 
Prof! -+ rool1l~t;t('~ 
(no boiler off) 
Prug + room,("( + TRV, 
Prog + (OOIll,tat t TRV" , 
(no boiler 01'1'1 
TRY, + prog + hI p",," 
TRV ... + prog + !low ..,wltd, 
TRY'+prog+ 
boiler cner}.!~ Jl1.tna~cr 
Zone control 
ZOOl' control \1)1) t'N.lih.:r olf,. 
o 
o 
o 
() 
GROUP 1: STORA(,r: RAnt "TOR '''is I'I·.MS 
Manual charge ,nl1(I<.1 1 II 
GRot;P l' WARM All< SYSTI\lS 
No Ihcflnu,l.rlll. ,PIlIIOI' 
()f fO(Ull tcrnpt~ratlll"l~ 
RlKJlll~lat pul)· 
Programmer + foom,lal 
Zum: coni I 01 
() 
() 
II 
o 
() 
(;ROUP 4 ROOM III :AI'LR S YSTFMS 
Appli3nc~ ,1:lt 
AppIiJ""c' '(a( + rIO)! 
Prograllllnt..'f + IIHlIl1't,lt 
R()()111.-tat only 
C,RO\!P'i OTHFR SYSTEMS 
No thft..'rlno,\lalll': conlinl 
of room tempt.'rawn: 
Applialll.~ ,tal on I) 
RIKlIn,(at onl) 
PItJgramm .... 1 + IIHHn .... tat 
Propr:unnlt'r ;tlltl/olh' conllol 
() 
() 
o 
() 
IJ 
n 
o 
() 
o 
() 
,t. ,-![jllt'\ 
O.J 
o 
(I 
o 
(I 
o 
() 
o 
o 
o 
o.~ 
o 
(1..1 
o 
(I 
o 
0.1 
o 
f) 
t) 
o 
(1.3 
o 
Il 
o 
o 
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Table !' : Lighting, appliances, cooking lind mclllbolk gains 
F1IHlr area Gains Floor arfll Guins 
(m') (W) (m') (W) 
30 210 170 X').I 
40 282 IXO ').1, 
SO .132 190 'J7X 
60 :lx2 200 1020 
70 431 210 I()(,I 
~O 480 220 1102 
90 S2X 230 1142 
100 )76 240 II KI 
110 (m 250 1220 
120 6(1) 260 1259 
DO 715 270 1297 
140 760 2XO I.n1 
ISO SOS 290 1.149 
160 841) .1()() I.1S~ 
Alh:nUHi,d~. ~atns rlUY lx' r;il4.'uI;Ircd from 111(' 10r.1I flnnr ,ttl'a nl 'Iu' 
dl,\l'lllng- nt·A). 1I"ng Iht' [nlln", lnp, 'll~pS 
00'-' .·,11'/\ 000<>0\0· 11',\. 
_xo 
:. 71+1tilx n'A-t'7.,,';x.v, 
= ,~.~.s I 75." x ,'Ii 
.1 11,'.( ·,'0 
II rL\;. 420 
,1''1'1,1\' }~"l 
It TIA:> ~X~ 
,vnh 
(jl/i'H li"om Ih(' tid/Oll'ill:': 1'1/1111'1111'111 \'/101('" hi 11l1t/f'd rll ,hi' tor(tl.1 gi1'<'fI "burl 
(\'flll<ll hl'alHlf rll111p 10 W 
Me-dl,ltll .. 'I] v<:lllihIU\ll1 .,;~~Il'n\ 2~ W 
Table 6: S.,lar flux through Illuzing (\VIm') 
~llrlh NI·./NW I,/W SFIS\\' Soulh 
SlIlgit' ~I;l/(~d ,I 10 14 IX '-4 10 
])(.ut'lk gl .. /cd 10 11 15 "I 2fl 
Ihlllhk' .,:1;.1/",<.1 \l,lth ,,4 II 1·1 I" ].1 
hl~\ I: (.:\l'lIll1g 
I'flP!': gl.l/t'd ~? In 1.1 
11 
" 
Nllk 
l'or a wofJtt:h, 111 it pil(h~d I"llld "" Ilh;1 plh:h 01 lip hi 70', II\{' tIll' \ :dll~' 
lI1ukr 'Nllrlh"'riy' !tlr IIrit..'lllaIIOIl\ "lthin :~D" I)f I'INlh and Iht' \'alllt' 
UIKkl 'HI'lt/Ollt .. i' ("I' .111 Iltha tlrlt'll!allt1n, t 1111", pHdl '" ~h',lh'l th,1I1 
7\1". tl\l"l! tll'a! a ... II II \\. CI\!' <1 \ t'f1 h.:~l] \\ iodll"".) 
1 l'llf HtI.hhng Rq~ul.JIl\J1)\ ;h"("~IlIl'lll '" ilt"llltrtl'lIlaIHln .. ;Ilt' Ihll "-nt l\\ 'I. 
all \l'rtll'.ll ,gJ.l/ing shnulti lx' ~"\(L'rt..·d :b IJW 
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Table 7 : Ulilisatlon ractor as a runction or 
Gainlloss ralio I(;/L) 
GIL 
I 
2 
4 
5 
(, 
7 
b 
'I 
10 
II 
12 
13 
14 
15 
1m 
I.IM) 
1.1)() 
()<)<i 
0'17 
11.'15 
o 9~ 
II ~y 
O.~6 
OXl 
().~I 
O.7H 
o 7~ 
0.72 
1).71) 
Gil. Ulli .... ti .. n raclor 
16 
I~ 
Ih 
19 
20 
21 
22 
O.6X 
U65 
11.63 
0(,1 
ow 
O.S!! 
o 51i 
054 
053 
0.51 
045 
0.40 
0.36 
on 
Iun 
l'llli,atlllO ('I(.'1O[ = I l"r ( I~ lilRI . 
• d"'II' (;1 H ..;; Uor,iI \,'(/11/\ I - /\;'1'( Ifil II/u! filiI) 
Table 8 : Mean internlll tem~rulur~ IIf Ihing arell 
Numbt'f in hrm luI, l\ (rom flit, 'hl'atm,l(' l ollln." (~l 
T<lb/p 4(1. HLP 1.1 "I'm .Iii (11/ til,' "'wbhal 
HLP (I) 
------
1.0 I,.'r lower! I X.XX 
15 I~ SK 
20 IX X5 
25 IX S I 
3.0 1!!74 
3.5 I K.62 
4.0 IXA~ 
45 I x.3.1 
5.1) IX.II> 
5.5 17.% 
6.0 (or h'gl",r) 17.7H 
1') .12 
1'i.J I 
19.10 
1'i26 
1'i19 
1'11(1 
IX '1'1 
I K XO 
I X 7, 
I X .. 'i'I 
I SA.) 
1'1711 
1'I7t> 
11)75 
I'nl 
19.1'(, 
19.59 
19.51 
11).42 
1'1.32 
1921 
II).OX 
2021 
20.211 
20 I') 
2017 
20.13 
200S 
20.03 
I ().97 
19.<)() 
II) Xl 
1'1.7 j 
20.66 
20M 
20113 
2001 
20.59 
20j7 
20.54 
20.51 
20.48 
20A5 
lOAO 
Tuble 9 ; Difference in It'IIl~ratures bt-twt't'n zones 
Ntl/Ilbt'f ", hrack('tl' i 1 from tilt ',olllmi' Co/ullin tlf 
Tllb/t' 4b. HLP i.1 it.'m .Ill 0/1 tl,,· I\'"rbhat 
--_._---------
HLP 
1.010' I ""'l' r) 
1.5 
20 
2.5 
30 
35 
40 
4.5 
5.0 
5.5 
6J) (m higher) 
(1) 
(1.40 
0.00 
07') 
0.'17 
I 1~ 
132 
I 4~ 
11>1 
17(, 
'"W) 
2 (~) 
(11 (3) 
IAI 
1.4'1 
157 
Ifl5 
I.7~ 
I 7'< 
I.K5 
1')0 
194 
11)7 
2 no 
1.75 
IY2 
2 OK 
2.22 
2.15 
2.48 
261 
2.72 
2~J 
29Z 
1.(M) 
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Table 10 : Degree-days as a function of base temperalllrt' 
Base 
temperature 
"C 
1.0 
15 
2.0 
25 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6,0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
1).5 
10.0 
IOj 
Degree-days Bas~ 
t~mper .. lur. 
"C 
o 110 
30 115 
60 120 
'15 125 
125 U.O 
1.~0 U.5 
185 140 
no 14.5 
265 15.0 
310 1.'1.5 
3tlO 16.0 
420 16.5 
4XO 17.0 
550 17.5 
620 IH,O 
6\15 IX5 
775 
860 
950 
1045 
19.0 
19.5 
200 
20.) 
1140 
1240 
1.'45 
14~O 
1560 
Itl70 
17~O 
11)()() 
2015 
2l.l0 
2250 
2J70 
2490 
2blO 
2710 
2850 
2970 
JOWl 
:\210 
lnO 
Table 11 : Fraclion flf hellt supplied by secondllry 
heatina systems 
Mllin heating system Secondllry systt'rn 
Ccmral heating sy<tem ga.< tires 
with \1oikr und nodiulo,"" ,",,,,I lires 
central wanll-oir system elcd,ic henters 
or other gu< fired systems 
Gus room heutc,", 
Coal f(Jom healers 0' 
electric room heiltcr~ 
Electric storage beaters 
or other clcet,ic systems 
EIcLlric hl'at pump 
systems wilh heat storage or 
fan-a~..;i~lCd ~h'ragc hcatcr~ 
gas tires 
cuallires 
electric heaters 
ga!\ tirc~ 
coal hrc~ 
electric heaters 
ga~ fires 
eoal fires 
electri, heaters 
gilS (iccs 
wallires 
ckdri\.' hl'alL:r:-. 
Fn.ctlnn 
0.15 
0.10 
lUIS 
()J() 
0.15 
0.10 
0.20 
0.20 
0.20 
015 
010 
0,10 
0,15 
(1.10 
005 
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Tablt> 12 : f'url prk~ and additiumtl sumdinl: ,h>l~~'" 
-- - -- ... -
Additional standin~ 
('harge £ 
Ga, (rnam,,) 
Bulk Ll'(j 
Bottled gu,· 1'11)1'''''<: 471...1' c:yhndt'l 
Hl!<ltingml 
Hnu't' coal 
Smokclc" fuel 
Anthracite nub 
Anthracite g"l1 0' 
Wood 
Elcctril'lty lon·pc~k I 
Ell'elrinty (ofl·pc.'uk I 
Elc\:tfl\:UY (,Iaoda,d !<Inlfl 
ElectrKlly (24·hr ht'allng l"r1fi'1 
31i 
'il 
14 
Unit price 
£/GJ 
426 
7 II 
I 'l ~() 
1 ()~ 
\ M7 
6 ~4 
.'i 04 
4 'i.l 
4.20 
7.60 
210S 
8)7 
------------~-... --.----~.~ _._-_._-
Table 13 ; On-peak fraction for eI('Clrie walt'r healing 
--~--~-- -~---------~-
Dwellillil _<;l.t.i..nd..e.r: ~.t' 
IIcK.r areu (litre.' 
m 110 160 210 
---------
40 or It'" 12 (~fl' o t I ~I 
hO l-l t~KI 7 (21 ) 
~O 17 tfl()1 l) 1241 ~ 
/00 1<) Illl} 1111271 
120 21 (0 1 , 121301 0 
140 21 IO'i I J:\ ill) 1'1 
160 2516('1 I 'i 1,1~ I 
IXO 27 (hHi 1(,(,171 X 
200 2'11(9) 171401 <) 
220 10 (7111 IH(421 <) 
240 12 I" II 1<),4~) 10 
260 :n (721 20(01)) \I 
2!iO 14 (71) 21 (4<;1 \I 
'00 11> 17-1) 21 (4») 12 
J20 3(> 175) 22 (-I() 12 
34() n,751 2.1 (47) 12 
360 lK I~OI 2J (4S) I' 
3»0 .1'l (7h) 2-1(49) 1.1 
4(M) J')t7fl) 24 (4'1) U 
420 or 1111lrC 19(77) 1-11'i0) 11 
rablr J l ,hll~ \ IWII t"tlfrll:r "/' In ;(11 1/1' /t'IIIIIIl'd ,I; 1'1/-,1'1"''-. fl./lt'\ tOI 
(rlmdt'J"\ ,1"I11i til/aJlllllllflll'''' hr,,{!,'11 n", fi~j/II'\ /)1 hllil ~.I'l\ tUt ",, 
('~h"J"n kl/h 'JI/.dl !/JIJnr'I.\lfI/, ft/db'/\ 
Questionnaire, SAP and Feedback Report 
IlI(,." ,I.mdwg th;jr~t" J!..1Vt'1l rllr dednrn> Il> c\lm <l1I111unl 1'01 thl" JIll' 1Il'1ll 
'~rjff. IWl" and aht)Vc the Uflwunl for tht' <.I,mdntd ,ltlflll'''IK IHnn, 11'" it I, 
J.!'o>;UlIlI..-d that th~' dwdJiI1~ htlS it ... upply of clL'L.'lrll.:iIY ftlr r(.'il":tll1'" (lll1l'r 
[11.111 ,"'11.1("(' JJltl \-\',lIl" 1K'<lllIlg SltllHhn!! dIHr!!l'S fur g,I" IIml ["r "H-pcal.., 
('k'l,:tfll"II\' ;Ht' :lltIlhuh'C1 \0 ~Pill,:l' lind wah" hL'ilflll).\ ~tlsts whell' Ihp .... c 
r'ul!l ... arC' llsC'd tor ht'JllIlg 
, ThL" I.!nCfl') \."0"'[ dL'Jl.llor lernll'" ...:urn:lHl~ .. ~1 :tl O.(jf) II will vary Wlch 
III~ 'Al..'lt!hlt:lI,I\t.:r;lbl· prill' of hc,llIng hu:h In 1!!lurc. III '>lIeli iI \\.Iy " ... II' 
l'll\Illl' th.tllhl' SAl' 1~ not alfl."l'h:tl tt ... llw I!t':It'l:d I ,Ill' 01 tnHUIlilIl 
Htlwc,'''('I. IIKh~'u.hml S,\P Iililng' an.: :.Int."l,teil ~y rdallv~' (:hang",' III thl' 
TlIll't' of parlil..'"lar he:llmg fuels 
Tllhle 14; SAP rating hy ene~y cost factor 
En SAl' rating ECF SAP rating 
£1m' £1m' -~'--"-"" 
1.4 100 4 55 
J5 97 4,5 50 
1.6 <)5 45 
17 92 ~5 41 
I.~ ~9 6 37 
19 87 oj 34 
~5 7 .10 
2.2 HI 7.5 27 
2.4 77 X 25 
2,0 74 K'i 22 
2.~ 70 l} 20 
.\ 67 10 15 
.\.\ h3 II 1\ 
3.6 5') 12 7 
.l9 54 JJ 4 
14 I 
The vulue, in the "hove table may be ,)blmlwd by ti,ing Ih,' 
formula: 
SAP Rating = 115- Ion x log", (ECF) 
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ANNEX A: V-VALUES t'OR GLAZING 
Table AI: Indkllthe (J-\'alut'1<l W/m2KI for wlndow~, doors and rooftjghl~ 
----~T~y-pe--of~~·ra~~-----------------
Wood Metal Thennal bn'ak PVC-V 
Air gap In ",,,led unil I mm I h 12 6 12 () 12 6 12 
Window, doubk-glu/.ed \.1 10 4.2 38 3,6 ,l.l 3,] 3.D 
Window, douhlc'gla/cd, low,E 2'1 2,4 3,7 ,U 3,1 2,(' 2,') 24 
Window, douhle glOlfl'd, Arglln till ,1.1 2.9 4,0 3,7 3.4 3,2 1.I 29 
Wlltdnw, double-glued, h'w-I" Argon hll 2,6 2.Z .l.4 ::!.9 2,8 2.4 2,(1 2.2 
Window, triple'gla/eo 2.6 24 H 3.2 2,9 2,6 2.0 2.4 
---------, 
Door, half double gl",,'d 3 I 3.0 16 3.4 33 ,~,2 3 I ,\,0 
Door, fully doubk,!(laud ,13 3.0 4,2 18 16 ,U n J,O 
Rootlights, double-glu/,cd "I Ie,.' 16 3.4 4,6 4.4 4,0 H 36 3.4 
than 70· from hOlllonl;lI 
--------
Windows and dllor 0.; , "I.lngk giah'd 47 5.~ 5..1 4,7 
Door. SC',lid limber panel '" ,lind,,, 3.0 
Door, half slRgk-glah'dlha It Tlm""1 \.7 
panel or ,JJlular 
- ._- -------------- ---~,,~----'"- - ~.~-------. 
Window C 'Yaluc' ,hould he "blaJll<tllrom Table i\ I, n'gardk" of huilding age, The \alues apply to the enlire area lIf Ihe 
window 0Pl,nlng, inl'iudin!! I><,th frallle alld gl"", and lake uewunt of the proportion of the area occupied hy Ih,' frame and Ihe 
heal conducted Ihfllugh II 
ANNEX B : DWELLINGS WITH MORE THAN ONE HEATING SYSTEM 
Gtn~ml principle, 
The lreatment of multiple rOlin, ,)1 heatlJlg III SAP IS ha"cd 
on the followJIlg PfIIlclP"S 
(I) thcded'illl! to JIlcluoc 'I 'cnllldalY healing system 
should he hawd 011 Ih,' c'h"raclcristic, of Ih" dwdhng 
and the 'y'lelll' 1I\,lalkd .lIld nol on Ih,' he'lllng 
prac\Jl'e,s of Ihe oC'Clipylllg hou,,'hnld; 
(2) secondary system, should only he indud"d If Ih,'y an' 
based 011 'thl'd' appliann", link" pOl1ablc appliances 
an.: HCl·c~Sf.lry to ~K'hICVC adctluall' healing 
To avuid c:H'~\siY\.· cmnpk.\it) uno In rl.·dlJl·~ (he \;'.\h.:llllO 
which surve)'llr ,udgeflll'llIlall IlIlluL'IICe Ihe "'Iillg, Ihe SAP 
con,iders olily onc '<'t:ondary hl'atlllg 'y,II'1I1 Pl'r d"cllmg, 
furthl'rmon.:. sc\,.'olllhu) heating \Y ... IL'III .... arc go\'~rnl.·d hy a 
,ct III rules Ihal restrict the allownbk nHllbln.ltIOJl' of 
healing 'y'lem, and ,upulal<' the ploporlJ<'1I III' heal supplied 
by the ,,,'condal) sy,lem, Thl"" re,lndlon.' will lIlevtt"bly 
mean that Ihe ratlllg i, bascd 011 '''SlIlllpllOfh "00111 tI'C thaI, 
in some! ca"iCloo. divl'lgl' (on .... idcluhly frolll what' .... a .... ·tuaJly 
pwctised by the lllTupyin)! housc'hold Thl' I' III hnL' wllh 
the general princlpk Ihat SAP" " rallllg for Ihe dwdhng 
und docs nol dcflt'nd "" wh,) happ..'lIs I" he IislIl)! mlhal 
dwelling, Th.1I dill" nol precliide hJJ1hl'l e,III1",ks Ilf 
t"lll"rgy um~umpl1on tx'lI1~ madt.: (l\ l:Jl...L· aL'l'(~urH of adllal 
lIS~gC, SlIl'h ",Iimale, would 1101 he P'"' of SAl' hilI ,'nlild 
forOlthc oa.<is 01 advlc,' g"en 10 Ihe 11l'CUpylllg hOlhl'hlllu 
on how In makl.' hL· ... t u .... c of (h~ .... y .... h .. I1l' lit lhl'lI di"p(lsul. 
Proadur(' /(lr deC/lillX ... ,j/h -",condory hell/j"l1 ,'y,vle"", 
(I) Idcntily lhe..' main hl'attng ",y,tcl1l IIlherc L~'I l'\.·ntral 
~y\lenl th.ll plovid~ ... hoth 'pa\,.'l' ami wall'r h...:alinK and it 
is capahle of healing at kast 30(k) of Ihe dwelling, sclcct 
thaI system. 1(lhe'll' is no system thilt provIdes Dolh 
'pace and waleI' heating, then Scl""l the syslem Ilwt ha,s 
Ihe capahililY (If healing Ihe greatesl palt of Ihe dwelling, 
(2) If th"re is still douht abollt which system should he 
,elected as the primary, ,sekeL the sY,'(Cllllh,lt supplies 
useful heat to the dwelling at low<:,1 "osl, (ohh,;ncd hy 
dividing (ud cost hy ,'oln'ersi(ln d'ticiencyl. 
(3) Usc Ihe responsivenc,,, of the ruain healing system in 
cuk'uluting: the mean mtcrnal tCIllJXn.llurC in Stag,-~ 7 or 
the SAP cakulation, 
p) Dl'cide wht,ther a Sl'condary healing 'y'lclll net'd, to he 
specified, bearing in mind thut systems hased on slored 
heal produced from cJcclrkily generully r"'1uirc a 
sCl'I>noary system rIll' lhcir sUCl:csstul operation, Igno)'e 
all portahk heaters, such 'IS plug-in l'iedm:al ,adi"lm, 
WId fan hcawr, 01 free-standing bUlane and paraffin 
hellters, If no sccnodal) syslem IS 10 he spccilkd, enler 
len> III box (R2), 
151 If" sc,'llm",ry healing system is 10 he spedfied, "": 
Table II to sclect the mosl approp)'ial,' dc,niplion "f 
Ih,' primaryl,el"Ollllar} ""mhin"li",,, Ohtaln the 
proportion ()f usc for the ~cculHJary hL'~lling sy ... tcl11 from 
Tank II and enler in hox (82), 
(6) Oblain Ihe efficiency llf the secondary IK:allng 'yslCJ1J 
frolll Table 4 and enter III hox (~4), 
(7) Cakulalc the 'pace heating fuel retjuirelllcnls 1'01 oolh 
maIO and sl'condary heating '\Y'<\tl'm~ ~~ sp(.'ciJi(;o for 
enlry in bo,," (RS) and (~61. 
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Annexes Page 2 
D"'lIl1ing~ ""iJh inadeqlwte heatinf{ ,y.telfl .• 
The SAP ""ume, th.lt J !!">O """J,,,d of hcating will be "chiewd throughout the dwelling. For dwellings in which Ihe hC';lting 
system h not ""pahk 01 pn"'\lltng th.lI ,t.,"d,lId. il ,hould Ix: ""umed that the addItional heating is provided by ekeltic 
heate". using th,' frad",n, gi'ell III T"hlc II rllr new dwellings that have no heating system spceiti,'d, it should be a"ullI,'d 
that all heat ",ill he prm "led h~ "" ... trlL' hcater' using ckl'lridty at the standard domestic taritt. 
ANNEX C : CARBON DIOXIDE EMISSIONS FROM FUEL USE 
'llle caroon dlOXldl' ellll"ion' ,"""·Iat.:d wIth the fuel usc calculated in the SAP worksheet may be obtained IIsing the emission 
factor- shown III Tahle C I The cakulatio" "J' follows: 
EncrlO' Emis.~ion 
(CoJ/year) factor 
Watcr heatlllg - from It,,, (51) page (, x 
Space heating. 01'"11 frolll b<., (H5) pagl' X x 
x 
Elcctrkity for pump' and fan, - from om (X?) page R x 
TOTAL (100) + (101) + (102) + (103) 
Table Cl: Carbon dioxide emi~ion flll'tOrs for delinred 
energy in kilORrammes of carbon dioxide per aiaajoule 
Gas (maUls) 
LPG 
Heating oil 
House coal 
AnthrilClh.-
Smokclc" 'olid fuel 
Electricity 
Source: BRECSU. 1994. 
52 
76 
75 
8J 
90 
IIIl 
IH8 
Annual emissions 
I kG/year) 
( I()(]) 
(101) 
(102) 
(10.1) 
More detailed infonnation about the Government's Standard Assessment 
Procedure for Energy Rating of Dwellings. see recent edition published by BRECSU 
on 2001. 
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Case Study Results 
Properties 1 - 245 
Property house terraced detached flat bungalow Type 
81 104 15 44 1 
Bedroom one two three four more than four five six seven eight nine ten 
Number 13 10 54 104 42 5 10 4 1 0 2 
Property pre-1900 1900-1944 1945-1964 1965-1990 post-1990 don't know 
Age 80 133 4 15 7 6 
Space gc esh gellgf gcleb gcllgf/o ge/eb/o esh/eb 0 
Heating 201 19 17 4 1 1 1 1 
Controls pts pts/trv pts/rct/trv zc pts/rct n/a trY pts/ze pts/ret/zc/trv ret pts/rctlzc 
115 49 21 1 29 16 4 3 1 5 1 
Wall yes no don't know 
Insulation 173 27 45 
Floor yes no don't know 
Insulation 176 35 34 
Roof yes no don't know 
Insulation 31 180 34 
Draught yes no don't know 
Stripping 138 79 28 
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I~I ~ ___________ ~_~ __________ +I ________ ~~_~_ia_I ________ -+I __________ n_:_ne ______ --~I 
[~I~ ______ ~~~8: ______ -4 ____ ~g~C_~_e_lh ____ ~ _______ e_1~_h ______ ~ _______ : ______ ~ ____ --_i~~_U __ ----~ 
/~I~ ______ ~:~ ____ -+ ______ ~t;n~8 ______ +-____ ~~ ______ ~ ______ n;_;_e ____ ~ _______ n_la ____ ~1 
/eoo.nol ~---------1~:-3--------~--------1~:~1--------~--------e~~~g--------~--------~:---------i 
~UghOngI ~ ____________ ~:~:-:3~ __________ ~ ________ ----:;;~------__ ---f--__ ------d~o~n~:~:~n_ow----------~ 
g:gas 
e: electric 
gc: gas central 
esh: electric storage heater 
Igf: local gas fire 
gch: gas central heating 
eih: electric immersion heater 
igfu: individual gas fired units 
pts: programmer and time switch 
rct: room and cylinder thermostat 
trY: thermostatic radiator valves 
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Improvement Checklist 
Properties 1 - 55 
Energy 
Efficiency 
Measures 
Wall Roof Floor 
Insulations Insulation Insulation 
Heating Hot Water Draught- Controlled D bl Energy Controls ou e Effl'cl'ent SAP System System Stripping Ventilation Glazing Lighting 
PROPERTY 1 " " " ge geh pis 54 
PROPERTY 2 - '" - gcllgf gch pis - - '" - 60 I~=---=--t_-t_-t__--j~=+~+=--+_-+~_+---=-_+_---J~~--
r-P_R~O~P=ER~T~Y~3 __ t-___ -__ _t-------~------~~~g~c--4_~ge-h--+_~PI=S~nrv~+-__ -_~------~--~"'--J--------+_-58~ 
PROPERTY 4 - - - ge gch pis 54 
PROPERTY 5 - 01 - ge geh plS/lrv 50 
PROPERTY 6 - - - ge geh pis/rei 51 
PROPERTY 7 - '" - gcllgf geh plS/lrv 51 
PROPERTY 8 - - - ge geh pis 59 
PROPERTY 9 - 01 - ge geh pis 58 
PROPERTY 10 - 01 - gc geh plS/lrv 57 
PROPERTY 11 - 01 01 ge geh pls/ret/lrv 65 
PROPERTY 12 - 01 01 gcleb geh pis/rei 66 
PROPERTY 13 - 01 - ge geh pis 56 
PROPERTY 14 - 01 - ge geh pis - - - - 56 ~~~~~~~-----+----+---~-~-~~-~~~-~---~---~----L--------
PROPERTY 15 - 01 - ge geh pis - - - - 52 
PROPERTY 16 - 01 - gcllgf geh pls/ze 66 
PROPERTY 17 - 01 - gcllgf geh pts/ze 69 
PROPERTY 18 - ., - ge geh/eih pls/ret/lrv 69 
PROPERTY 19 - ., - ge geh pls/ret/lrv 68 
PROPERTY 20 - - - ge geh pis/ret 68 
PROPERTY 21 - ., - ge geh pls/ret/lrv - - '" - 75 ~~~~~~-r------+-----+----~-----~~--~---~----~------+------+----~~---
PROPERTY 22 - - - ge geh pts/ret/trv - - '" - 53 
PROPERTY 23 - ., I - esh eih n/a - - - - 52 
PROPERTY 24 ge geh pts 52 
PROPERTY 25 r~:.:....::::..::~=.:::..+---_+----__+-----I---+-----l__---+----+__----_I_-----_+--------1----
01, I ge geh pis 57 
- 60 PROPERTY 26 '" '" . - gc gch pis 
r------''-'--'''''-'-'--'--'=-=--+----+----t----I'------l----t-----+--- ~-----II-------+---- --- -----
PROPERTY 27 - '" '" . gc gch pls/ret/lrv 
r--'-'-':..:.....:=-:..:..'-..:..-=--t-----t---_t----_tl_--+---t_-----+---+----+----- ----c-----
59 
PROPERTY 28 - 01 - gc igfu pis '" - - - 56 
r-:...:..::..:--=.:..::..:...:....=--+----+---+-----+----+----+--+---+----+----+------- ------
PROPERTY 29 - 01 : . - ge geh/eih pis 01 . - '" - 55 r-:--:....:.::.:....!:.:..:.~=-+----+---_t------ll_---+---t_--_+_---+_---+----- ------- ---
PROPERTY 30 -'I '" - gc gch pts - - .; - 71 ~:..=_=:..::..:...:....~-L-__ --L ___ ...L.-__ -L __ -L __ -1.-__ -l-__ -L-__ --L __ _L"_ ------- ------
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Energy 
Efficiency 
Measures 
Wall Roof Floor Heating Hot Water Draught- Controlled Double Energy 
Insulations Insulation Insulation System System Controls Stripping Ventilation Glazing Efficient SAP 
Lighting 
PROPERTY 31 - ~ - gc gch pts/rct - - ~ - 59 ~~~~~~-------+------~------+-~~~~~~~::~~~--~--~---~~--l---~~----r----
~P~R~O~P=ER~TY~~32~r-___ - __ -r ___ ~ ____ ~ __ -__ ~~9~d~19~f-i_9~C~h~ffi~ih~ __ :Pt:s __ +-~~ __ ~ __ ~-~~ __ ~-__ J-__ ~ ______ 5_5_ 
PROPERTY 33 - ~ - gc gch pts/rct - - - - 64 I~~-r----t---+---+--=--+~+==--t--+---------+--~-L-~L~--
~P~RO~P~E~R~TY~~~t-___ -__ -+ ____ -__ ~ ___ -__ -+ __ ~gC __ ~~9=Ch~+-~Pt~s __ ~ __ - __ +-__ ~-__ ~ __ ~-__ +-__ ~-__ ~_6_7_ 
PROPERTY 35 - - ~ gc gch pIs - - - - 67 ~~~~~-t------~------~-----+~~-+~~~~~--~~--+---~~-------+-----------
PROPERTY 36 - - ~ gc gch pts - - - - 67 
PROPERTY 37 - ~ - gc gch pts 68 
PROPERTY 38 - ~ - gc gch pts ~ , 70 
PROPERTY 39 - - - gc gch pts ~, 59 
PROPERTY 40 - ~ - gc gch pts 62 
PROPERTY 41 - - - gc gch pts ~, 60 
PROPERTY 42 - - - gc gch pts 60 
PROPERTY 43 - ~ - gc gch pts 59 
PROPERTY 44 - - - gc gch pls/rct 59 
PROPERTY 45 - - - gc gch pts - - - - 59 
PROPERTY 46 - ~ - gc gch/eih pts/trv - - ~ - 51 ~~~~~~------~----~------~~--~----~----~----+-----~-----+-----+~---
PROPERTY 47 - ~ - gc gch/eih pts/trv - - ~, - 50 
PROPERTY 48 - ~ - gc gch pts - - - - 54 
PROPERTY 49 ~ ~ - gc gch pts/trv - - ~ - 69 
PROPERTY 50 - - - gc gch pts/trv - - ~ - 66 
PROPERTY 51 - - - esh eih nla ~ , - - - 59 
PROPERTY 52 - ~ - gc gch/eih pts/rct/trv - - ~ - 73 
PROPERTY 53 - - - gc gch rct - - - - 59 
PROPERTY 54 - - - gc gch pts - - ~ - 65 ~~~~~-r------t------+------~----+-~--+-----+-----+------+----~------~-----
PROPERTY 55 - - - gc gch pts - - - - 64 
gc: gas central 
esh: electric storage heater 
Igf: local gas fire 
gch: gas central heating 
eih: electric immersion heater 
igfu: individual gas fired units 
pts: programmer and time switch 
rct: room and cylinder thermostat 
trv: thermostatic radiator valves 
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Feedback Report 
Feedback CO\'er Letter and Short Questionnaire 
Dear LandlordTandlady. 
As you may rememhcr. you haw tilled in and returned a questionnaire regarding the 
conditions of your propaty. which was presented by Mr, Hasim ALTAN from School 
of Architecture. the l'niwrsity of Shetlield. under a research project on energy 
efficiency in the private n:nted sector in Sheffield. and distributed by the housing 
services at the end of ~OO~, 
The enclosed n:port hu:-; hccn wmpiled I()r your property and I hope that it will be of 
some benefit to you when you arc considering refurbishment. You may also be aware 
that the go\'ernment is deternlined to ensure that the thermal efficiency of housing 
(and also non dOlllcstiL' huilding) is improwd, It is their intention to introduce a 
'Home Sellers/Buyers Pack' in which the energy etliciency of the dwelling would 
have to be given. Your participation in this recent target will help to develop a 
database of the 'local' current situation and therefore provide a benchmark figure 
against why potential impro\l~mt'nts can he determined, The current thinking of an 
appropriate benchmark ti.lr an energy cHicient house is a SAP rating of 80 - 85, 
I would like to int()f111 ~ llll that the datahase will not be holding any personal information and 
all data will he held in accllrdam;e "ith the Data Protection Act. Furthermore. the survey 
will be carried l)lIt in slich a \\a~ that no indi\ idual property will be identified and/or passed 
on to third parties. 
I would like to kindl~ thank ~'ou for participating in this research and also like to ask 
you to complete the following short questionnaire and return it to Mr. HALT AN in the 
pre-paid ennlopt.' pro\·ided. 
Kindest Regards and \1an~ Ihanb. 
Yours Sincerely. 
~fui \ ,. 
:X:,. 
Hasim Allan 
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After completion. tear it through here and send it in the pre-paid envelope provided. 
----------------------------------------------------------------------------------------~~------------
Please circle the appropriate answer to you as follows: 
Do you get information on energy savings through the post -
circulars or telephone 
If Yes; 
Do you bin it? 
Do you read it? 
Do you do anything about it? 
From the feedback report enclosed; would J'ou act on it? 
If Yes; which one will you consider? 
1- Likely to implement. 
2- Possibly to implement. 
I 
Yes No 
Yes No 
Yes No 
Yes No 
Yes j No 
--
---
~3~-~N~ot~l~ik~e~ly~to~im~lp~ll_e_m_e_nt~. ____________________________________________ __ 
If you have any further thoughts or comments regarding these issues, please feel free 
to write in the s ace rovided below: 
Thanks again. II. Altan 
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Feedback Report Template/Sample 
Energy Efficiency Wall Roof 
Measures Insulation Insulation 
PROPERTY n y 
Private Rented Property Feedback 
, Property Address' 
Current Conditions: 
Property Energy Efficiency Measures 
Floor Heating 1I0t Water I>raught 
Insulation System System Controls Stripping 
n ec gch pIs n 
Controlled I>oublf t:ncrlU' 
Ventilation C;hlling Effident Lighting 
n y n 
SAl' 
(,2 
gc: gas central I esh: electric storage heater Ilgf: local gas fire I gch: gas central heating I eih: electric immersion heater I igfu: individual gas tired unit, 
~s:j>fogrammer and time switch / ret: room and cylinder thermostat I trv: thermostatic radiator valves I v: ves I n: no I p: partial 
Total Energy Use, CO2 Emission & SAP Rating Analysis 
PRIVATE RENTED PROPERTY I REQIIIRED SAP RATIN(; = 8S C"!RREl'oOT REGI iI.ATlO~S 
COSTS£n:AR IIEAT 1.0SS AIR C'IIAN(a: PASSIFAII, PROPERTY SAP CO2 PARAMETt:R RATE 
SPACE IWATER' TOTAL 
PROPERTY ADDRESS 62 366.4S , 167.46 , S33.91 6.01 2.63 0.89 
Suggested Improvements: 
Considering the analysis carried out and presented above, there arc potential 
improvements to the following energy efficiency measures: 
o Draught-stripping 
o Walllfloor insulation 
o Energy efficient lighting 
o Heating system 
o Hot water system 
o Controls for heating and hot water 
If you were to implement the following energy efliciency measures, the SAP rating of 
the property could be increased from 62 to 76, which again is a signi ticant 
improvement in energy efficiency. 
o Heating system 
o Hot water system 
o Controls for heating and hot water 
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The following chart is to give you an idea about estimated cost figures that could be 
spent if suggested improvements were to be implemented. 
Estimated Cost Analysis for Property Improvements (2001 - 2003) 
Measures Saving (£Iyr) Cost(£) 
~avity Wall Insulation 7S-I50 INST 450 INST 
~olid Wall Insulation (externa\) 8S-120 I!'IST ISOO INST 
~id Wall Insulation (Internal) 7S-100 I!'IST 6S0 INS'!' 
Roof Insulation (Loft Insulation) 3S-S0 DIYIINST 7S-110 DIY 200-230 I:'IIST 
Floor Insulation 20-40 DIY/INST 7S-1 \0 DIY 200-300 INST 
Rej>lacing Condensing Boiler ISO INST 300 INST 
Hot Water Insulation Package IS-2S IHY/INST 20-2S I>IY 30-401NST 
Fuel Heating Control Package 2S-120 INST 80-400 INST 
Draught Stripping IS-2S DI\/INST SO I>IY ISO INST 
Double Glazing (standard) 2S-30 I!'IST 170lNST 
Double Glazing (Iow-emissivih) 30-401NST 27S INST 
L.!!.bting (x4 Lamps) 40-S0 INST 20-2S INST 
INST: Professionallnstallcr I DIY: Do II Yourself 
Payback (yr 
4-6INST 
12-131NST 
6-7INST 
1-3 III \' 
4-6INST 
1-2 illY 
7-10 INS'I 
21NS'I 
11>1\' 
21NST 
31NST 
21>IY 
61NST 
S-6INST 
7-N INST 
O.S INST 
NOTE: The cost and savings figures will vary according to thc property size, its location, the mea~ures (if appropriate), fuel, heating system and the matcrial 
used, Energy savings arc estimated from a range of standard house type with gas central heating and standard occupancy, Actual savings dcpcnd on individual 
circumstances, 
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General Recommendations for Immediate Savings 
I. Increase the depth of loft insulation to at least six inches (150mm). 
2. I f the property \\ as hui It atler 1940. installing cavity wall insulation will 
reduce heat loss through the wall hy up to 60%. 
3. Change to energy saving light hulhs. especially in areas where lights are used 
most - it will usc around a quarter of the electricity. and will last eight times 
longer than an ordinary hulh. 
4. If the hoiler is I () years old or unreliahle. replace it - you could save 10 - 15% 
on your fuel hi II. 
5. Add heating controls to your central heating system and cut your costs by up 
to 20%. 
6. Fit a good insulating jacket to your hot water tank ifit is not foam covered. 
7. If the property is too waml. tum the thermostat down by l°e; this can cut up 
to 10%) otT your fuel hills. 
8. Invest in draught stripping for letterhoxes and for doors and windows opening 
onto the outside to rl'dUl:e the amount of warm air escaping. 
9. A shower uses only ::! 15th of the hot water needed for a bath. Shower 
attachments for hath taps can be hought from many local stores. 
10. Water does not need to be heated to a scalding temperature. Setting the 
thermostat at 600(' '14()oF is usually quite adequate. 
11. Don't put really wet clothes into a tum hie dryer. ring them out or spin-dry 
them tirst. It's much faster and wiIl save money as well. 
12. Close curtains at dusk to stop heat escaping through the windows. 
13. Always wait until you haw a full load hefore using your washing machine. If 
this isn't possihle. usc a half-load or an economy programme if your machine 
has one. 
14. Always remember to put the plug in the hasin or sink. Leaving hot water taps 
running without the plug is hoth wasteful and expensive. 
15. Use the microwavc. rather than the conventional oven to heat up food (always 
make sure thc food is piping hot before eating). 
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Sample Investigation ( bon Que tioDnaire No: 02): 'Yes - Likely to Implement' 
-------- ------------------------ -- -------------------------------------------------------------~ ------------
Pica! CIrcle thc appropriate an \\cr It) you a$ tollc", 
Yes 
-=~~~~~ __________________________________ ~~--~~e~s~--r_~ O 
~~~~~~----------------------------------r---~~~~.:~~----N~~ __1 
OLi act on it? No 1 
--l 
I 
omm nts regarding these is ue , please feel free to \-\Ti(e 
1 
J 
Inanl.s 3gam II Ahan 
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Sample Inve tigation ( hort Questionnaire No: 04): ' No - Not Likely to Implement' 
-.-- --.---- --.-- -- - --
-----
-------------------------------------------------------i"fi,. ------------
Please circle the appropriate answer to you as follows : 
Do you get infonnation on energy savings through the post - @ No circulars or telephone 
If Yes· 7t»"T 
Do you bin it? so ... ~ 
'"" ... t\ Yes No 
Do you read it? 1'1ID. No 
Do you do anything about it? 50,,< 't\ r\ ~ .... Yes No 
From the feedback report enclosed; would you act on it? Yes ~ 
If Yes · which one wiIJ you consider? 
1- Likely to implement. 
2- Possibly to implement. 
3- Not likely to implement. 
If you have any further thoughts or comments regarding these issues, please feel free to write 
in the space provided below: 
Thanks again. H. Altan 
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Appendix B 
List of Greenhouse Gases 
Climate change is one of the most serious environmental threats facing the world 
today. Its impacts will be felt across the world, as sea level rise threatens the existence 
of some small island states and puts millions of people at risk. Temperature increases; 
drought and flooding will affect people's health and way of life, and cause the 
irreversible loss of many species of plants and animals (DEFRA, 2000). 
Table B.I: List of Greenhouse Gases. 
Greenhouse Gas Lifetime 100 Years Global (Years) Warmil!l{ Potential 
Carbon Dioxide 50-200 I 
Methane 12.23 21 
Nitrous oxide 120 310 
HFC-23 264 11,700 
HFC-32 5.6 650 
HFC-41 3.7 150 
HFC-43-IOmee 17.1 1,300 
HFC-125 32.6 2,800 
HFC-134 10.6 1,000 
HFC-134a 14.6 1,300 
HFC-lS2a 1.5 140 
HFC-143 3.8 300 
HFC-143a 48.3 3,800 
HFC-227ea 36.5 2,900 
HFC-236fa 209 6,300 
HFC-245ca 6.6 560 
Chlorofonn 0.51 4 
Methylene chloride 0.46 9 
Sulphur hexafluoride 3,200 23,900 
Perfluoromethane 50,000 6,500 
Pertluorethane 10,000 9,200 
Pertl uoropropane 2,600 7,000 
Pertluorobutane 2,600 7,000 
Pertluoropentane 4,100 7,500 
Perfluorohexane 3,200 7,400 
Perfluorocyc lobutane 3,200 8,700 
Tritluoroiodomethane <0.005 <1 
Source: DEFRA, 2000. 
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How to Compare the Relative Climate Effects of Greenhouse Gases 
I. To compare the relative climate effects of greenhouse gases, it is necessary to 
assess their contribution to changes in the net downward infra-red radiation 
flux at the tropopause (the top of the lower atmosphere) over a period of time. 
Ultimately the best way to do this is by comparing different emission 
scenarios in climate models, but a simple working method has been derived 
for use by Parties to the UNFCCC. This provides the relative contribution of a 
unit emission of each gas. relative to the effect of a unit emission of carbon 
dioxide integrated over a fixed time period. A I DO-year time horizon has been 
chosen by the Convention in view of the relatively long time scale for 
addressing climate change. 
2. The factor is known as a global warming potential (GWP). It means for 
example. that I tonne of HFC-134 emitted to the atmosphere has 1,000 times 
the warming potential over ] 00 years of I tonne of carbon dioxide. 
3. To compute the carbon dioxide equivalent of the emission of any gas, multiply 
its emission by the GWP. This is often expressed as the carbon equivalent so 
then multiply by 12/44, the ratio of the atomic weights of carbon and carbon 
dioxide. Thus, for example, an emission of I tonne of HFC-134 is equivalent 
to 1 x JOOO x 12/44 = 273 tonnes of carbon. 
How the World's Climate may Change in the Future 
Climate change is one of the most serious environnlental threats facing the world 
today. Its impacts will be felt across the world, as sea level rise threatens the existence 
of some small island states and puts millions of people at risk. Temperature increases; 
drought and flooding wiJI affect people's health and way of life, and cause the 
irreversible loss of many species of plants and animals. 
Average global surface temperatures have increased by 0.6°C over the 20th 
century (see figure B.I). Nine out of the ten hottest years on record have been during 
the period ] 990 - 2002. According to the Inter-Governmental Panel on Climate 
Change (lPCC) the strong warming of the last 50 years cannot be explained by 
natural climate variations alone, but requires the inclusion of the effects of human 
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emissions. Much of the observed rise in sea-level (10 - 20 cm) during the 20th 
century may be related to this increase in global mean temperatures. Current climate 
models predict that global temperatures will rise by a further 1.4 to 5.8°C by the end 
of the 21 st century. Global mean sea levels are also predicted to rise by 9 to 88 cm by 
2100 (DEFRA, 2000). 
Figure B.I: Global and Central England Surface Temperature Anomalies: 1772 - 2000. 
- c __ ~ -~ 
I~ 
"~ I 
~l . 1/'\" / 
l 
"" 
" n .- 'P, ,"'J 1I11 .tll '"I 1t'Tl '''2 
Source: Met Office, 2001. 
Key Impacts 
Nevertheless effective policies are to reduce emissions of greenhouse ga es; the 
world will now experience a significant degree of climate change. This is likely to 
have far-reaching effects on all aspects of the world 's environment, economy and 
society including: 
CI Sea level is expected to rise by over 40 centimetres by the 2080s becau e of 
thermal expansion of the oceans as temperatures rise and because of melting 
of land ice. This wi ll threaten the existence of some small island states and put 
millions of people at risk; 
CI The poorest countries are likely to be the most vulnerable to the fli ct r 
climate change. 60% of the additional 80 million people projected to be at ri k 
of flooding are expected to be in Southern Asia (Pakistan, India, ri Lanka, 
Bangladesh and Myanmar) and 20% in South a t Asia (from Thailand to 
Vietnam, including Indonesia and the Philippines); 
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o Africa is expected to experience significant reductions in cereal yields, as are 
the Middle East and India. And an additional 290 million people could be 
exposed to malaria by the 2080s, with China and Central Asia likely to see the 
largest increase in risk; 
o In some areas, water resources for drinking and irrigation will be affected by 
reduced rainfall or as ground water in coastal zones suffers from salination as 
sea levels rise. People's lives may be put at risk from an increased frequency 
of droughts and flooding. An additional three billion people could suffer 
increased water stress by 2080. Northern Africa, the Middle East and the 
Indian subcontinent will be the worst affected; 
o By the 2070s, large parts of northern Brazil and central southern Africa could 
lose their tropical forests because of reduced rainfall and increased 
temperatures. If this happens, global vegetation, which currently absorbs 
carbon dioxide at the rate of some 2 - 3 gigatonnes of carbon (GtC) per year 
will become a carbon source generating about 2 GtC per year by the 2070s 
and further adding to carbon dioxide build up in the atmosphere (current 
global man-made emissions are about 6 - 7 Gte per year). 
How the UK could be Affected 
Climate change could have significant affects on the UK. Average temperatures 
could rise by a further 3°C by 2100 and rainfall could increase by as much as 10% 
over England and Wales and 20% over Scotland by the 2080s, according to national 
climate change scenarios from the UK Climate Impacts Programme. Climate-induced 
sea level rise, together with natural vertical land movements, could be 41 cm in East 
Anglia and 21cm in the west of Scotland by the 2050s. Seasonal changes arc also 
expected, with UK winters and autumns getting wetter, and spring and summer 
rainfall patterns changing so that the north west of England will be wetter and the 
southeast will be drier. Higher temperatures in the UK may lead to poorer air quality 
in the summer months. Gradual changes in climate and sea level will also ne 
accompanied by changes in the frequency of extreme events (DEFRA, 2000). 
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Importance of Energy Conservation 
Economic Importance: Energy is a commodity, which people cannot afford to 
waste. Even though fuel costs have fallen, people still spend around £50 billion a year 
on fuel in the UK, of which 20% could be saved cost-effectively by investing in 
energy conservation. This would yield savings of over £10 billion a year, money that 
would boost the economy when spent on other goods and services. 
Environmental Importance: Saving energy makes environmental sense. It is 
universally recognised that human kind are changing the climate in ways they cannot 
predict, by altering the composition of the earth's atmosphere as a result of burning 
fossil fuels for heat and electricity. The more efficiently people can use energy, the 
less they need of it to maintain their lifestyle, and the less carbon dioxide will be 
released into the atmosphere. 
Social Importance: Social benefits of investment in energy conservation include 
creating significant numbers of jobs in energy-related services such as manufacturing 
and installation of energy saving equipment. Moreover, homes and workplaces would 
be made easier and cheaper to heat, greatly improving standards of living and 
comfort. This is especially important for people on low incomes, whose homes are 
often the hardest and most expensive to heat, and for people who are at home all day 
or who have higher heating needs because of illness or disability. 
Energy Conservation in Domestic Buildings 
Depending on the level of industrial activity, a country uses about 30 to 35 percent 
of its total energy consumption in buildings. Of this amount, about 60% is used for 
heating and air conditioning. This means that of the total energy consumption, about 
20% is used in building space heating and air conditioning. Burning fossil fuel is the 
most important source of providing energy in a building. One of the most serious 
complications of burning fossil fuel is the release of carbon dioxide. The last seventy 
years have seen a 10% rise in atmospheric levels of C02 and at the same time glohal 
temperatures have risen by O.2°C. The burning of fossil fuels is thought to account fiJr 
half the global wanning in the world through the greenhouse effect. 
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The Applications of Solar Energy and Solar Radiation Data 
in Renewable Energy Resource Planning 
H. ALTAN, Y. GORJI-MAHLABANI 
The University of Sheffield, School of Architectural Studies 
The Arts Tower, Western Bank, Sheffield, SIO 2TN United Kingdom 
Email: h.altan@sheffield.ac.uk/arp98yg@sheffield.ac.uk 
Tel: 011422203711 Fax: 01142798276 
ABSTRACT 
This paper discusses the importance of solar energy use in buildings, as a building 
energy supply for space heating, cooling and lighting, for the future of Iran. It 
examines the solar radiation data calculated on an hourly and a monthly basis by 
using two individual calculation methods and presents the comparison between them. 
Furthermore, certain positive suggestions about solar energy applications in buildings 
and solar radiation data use in renewable energy resource planning are also presented 
regarding the future of solar energy use in Iran. Moreover, in this study, crucial points 
in renewable energy resource planning are discussed and necessary suggestions are 
also made concerning environmental issues. 
INTRODUCTION 
Since the 1970s, over a thirty-year period, the interest in renewable energy has been 
growing steadily all around the world. Today, there are very few countries, which 
would perceive a future without renewable energy resources contributing to their 
energy provision. 
The energy crisis has been the cause of many governments searching for new ways of 
increasing the diversity of their energy supplies. It mainly affected the countries 
outside OPEC (Organization of Petroleum Exporting Countries). The countries like 
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Iran and the rest of the OPEC world were carried into a completely opposite situation. 
Their role was to expon more oi I and make a protit out of it: especially from 
countries that would not ha\e any other option in tinding new ways of supplying their 
energy needs. 
In addition to these changes all around the world. there were also huge developments 
in the technologies in the renewahk energy world. llxiay. renewable energy resources 
have become the most imponant consideration in energy provision in the world. 
Generally. in the last tcn ycars. concern about the environment has increased. and in 
particular the environmcntal impacts of conventional energy systems such as global 
wanning, acid rain. ctc .. have rcvitalised the interest in renewables. Concerning the 
environment. renewahles are often considered to be environmentally friendly 
resources and they will make a substantial contribution to our world energy supply. 
Like many developing countrics. today Iran is beset with serious energy supply 
difficulties. The main issues are the rapid increase in energy demandlcost, air 
pollution caused by over use of fossil fuel (usually used in buildings for heating 
pUrposes). the limitation of fossil fuel resources and the high cost/difficulty of 
transporting fossil fuel around the country (specially in winter). Moreover, there is the 
need for careful planning and strategy as weJl as the development of a decision 
support model for the future of Iran. 
GENERAL DEFINITIONS 
Renewable Energy 
"Renewable energy is the term used to cover energy flows, which are occurred 
frequently in the environment and can be harnessed for human benefit." [1] The 
ultimate sources of this energy are the Sun, gravity and the earth's rotation. 
Solar Energy 
The Sun is the source of solar energy. Solar energy is one of the most important 
renewable energy sources and can be derived from the Sun's solar radiation to cover 
most of the world's energy supplies. 
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Solar radiation can be converted to energy use directly via certain technologies such 
as those given below: 
• 
• 
• 
• 
Solar collectors to provide solar space or water heating during the cold 
seasons can absorb the energy needed from the Sun. 
Buildings can be designed with passive solar design strategies, which will 
allow solar energy to contribute to their space heating requirements. 
Furthermore, in buildings, small solar collectors are extensively used to 
supply domestic hot water in several countries such as Australia, Cyprus, 
Israel, Japan, etc. 
Parabolic mirrors to provide heat at up to several thousand degrees Celsius 
can convert solar radiation, and this high temperature may then be used either 
for heating purposes or to generate electricity. 
Photovoltaic devices (solar cells) can also be used to convert solar radiation 
directly into electrical energy. 
Solar radiation can also be converted to useful energy indirectly via other energy 
forms, such as wind, wave, and hydropower. 
Solar Radiation Data 
Solar radiation data are the best source of information that is related to solar energy 
besides other meteorological measurements. Solar radiation data can be available in 
numerous forms, but they should include specific information such as: 
• information about; whether the measurements are direct measurements or 
values integrated over some period of time (usually hour or day). 
• information about; the time or time period of the measurements. 
• information about; whether the measurements are of beam, ditfuse or total 
radiation, and the instruments used. 
• information about; the receiving-surface orientation; usually horizontal. 
sometimes inclined at a fixed slope, or normal orientation. 
• information about; if averaged, the period over which they arc averaged (e.g. 
monthly averages of daily radiation). 
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The Use of Solar Radiation Data 
There are several approaches to the use of solar radiation data such as given below: 
• 
• 
• 
to use the average solar energy available, for instance for a month, to estimate 
the average performance of a process. 
to use the past hourly or daily data performance of a process that would have 
been relevant under those past conditions, and on this basis project future 
performance. 
to reduce the radiation data to a more manageable form by using statistical 
methods, and use the resulting time distributions in process performance 
predictions, such as, for example, the statistical treatment of radiation 
available, which is based in part on collector performance. 
Iranian Solar Radiation Data 
These data are calculated for each city, such as Tehran, Mashhad, etc. by using 
Islamic Republic of Iran Meteorological Organisation (lRIMO)'s statistics. The solar 
radiation data reflect direct beam irradiance on a surface normal to solar beam, direct 
irradiance on surfaces horizontal to and vertical to solar beam. 
OVERALL DATA RESULTS 
The examination of the preceding tables and graphs clearly shows that the solar 
radiation data can be used confidently in renewable energy resource planning in Iran. 
First of all, the manually calculated data are prepared by use of (RIMO statistics and 
are specific to every city in Iran. On the other hand, Meteonorm was designed lor 
European use and is generally generated to cover the world cities. 
When calculating the solar radiation for certain cities, for example, Tehran and 
Chalos (which are on same the longitude, slightly different latitudes but also at the 
same altitude) the manual calculation method displays incompatible results Il)r both 
cities, whereas meteonorm shows exactly the same data for both. 
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In this case, it can be assumed that the manually calculated data are more useful in 
that they are more precise and much more reliable compared to meteonorm data for 
Iran. 
Although, there are small differences in the tables and graphs shown above, the 
results are relatively similar. In addition, they support the calculations done manually 
and show that the results are dependable. 
Due to the fact that the country has 8 different climate zones and the human 
settlements are located variously among these zones, solar radiation differs and 
should be estimated as precisely as possible. 
CONCLUSION 
Solar energy is one of the most significant and technically exploitable renewable 
energy resources available in Iran. This needs to be taken into account seriously. 
regarding both economical and environmental problems in that country. 
This study restates and emphasises the importance of solar radiation data in 
renewable energy resource planning. Therefore, in Iran, there is the need for the 
precise calculation of solar radiation for each and every city in order to better exploit 
the benefits of solar energy for the future of this country. 
The overall data results show that there is sufficient solar radiation for the application 
of solar design strategies in buildings. Solar technology applications in buildings such 
as photovoItaics, active solar and thermal solar power and passive solar design will 
provide a positive solution for the country's air-poI/ution, especially in the city of 
Tehran. Designing buildings with solar features will reduce the oil use in the country 
and at the same time, will reduce C02 production, which is one of the principal 
causes of global warming. Reduction in oil use in buildings also increases the 
exportation of oil to other countries. As a result, Iran's economy will be supported 
and will benefit. Adapting new technologies into buildings will help fran to become 
an environmentally friendly country with a positive impact on the environment. 
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ANALYSIS OF EXISTING ENVIRONMENTAL 
ASSESSMENT METHODS FOR BUILDINGS 
WITHIN THE UK 
HA~jMALTAN 
The University of Sheffield, School of Architectural Studies 
The Arts Tower, Western Bank, Sheffield SIO 2TN United Kingdom 
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ABSTRACT 
This paper, once agam, states the importance of environmental issues and good 
building design. It reviews existing building environmental assessment methods 
developed in the UK in the last twenty-five years and provides the benefits of using 
energy efficient strategies and technologies with significant potential for energy 
savings. This study also refers to existing methods added to the building regulations 
and therefore, discusses whether they have been effectively transferred to the building 
design community and worked as successful solutions. Furthermore, a comparison 
study of five main building environmental assessment methods is carried out and 
certain suggestions are made regarding the housing conditions. Moreover, crucial 
points are also mentioned concerning global environmental. 
Conference Topic: 3.2 Building Energy Analysis and Design Support Tool 
1. INTRODUCTION 
As a global matter, environmental issues and good building design have also been 
increasingly important in the UK for the last twenty-five years. Additionally, building 
environmental assessment methods have been developed with the intention of 
accomplishing good building design, which could contribute considerably to reducing 
pollution and improving the environment. These methods identify criteria for a range 
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of issues also concerning the global. national and indoor environments and carry out 
key objectives. such as: 
• 
• 
• 
• 
To raise awareness of the dominant role which buildings play in global 
warming and reduce their long-tenn impact on the global environment. 
To provide a common set of targets and standards, which would not only 
provide recognition for buildings. that is friendlier to the global environment 
than normal practice. but also help to simulate a market for them. 
To improve the indoor environment quality and occupants' health . 
To encourage designers to achieve environmentally friendly building designs . 
2. REVIEW OF BUILDING ENVIRONMENTAL ASSESSMENT 
METHODS 
In the UK, there are five main building environmental assessment methods that have 
been developed since early eighties and moreover added to the building regulations to 
improve the building energy usage and increase the efficiency: 
1. BREDEM- The BRE's Domestic Energy Model is developed in 1980s by the 
Building Research Establishment (BRE) and the Department of the Environment 
(DOE). This method measures the energy use in occupied dwellings and shows that 
the physical characteristics of a dwelling and the lifestyles of the occupants are about 
equally important in detennining energy consumption. BREDEM exists in a number 
of standardised versions, which differs in technical detail and in the precise 
requirements for data related to particular application. Some versions are designed to 
be implemented as computer programs while others are defined in such a way that do 
not require the use of a computer. 
2. SAP- Standard Assessment Procedure is the Government's standard system 
for home energy rating, which was published in 1993 and used to calculate the rating 
based on the BREDEM. It is included as one means to satisfy the Bui Iding 
Regulations Part L domestic buildings since July 1995. The SAP rating is nonnalised 
for floor area and set out in the fonn of a worksheet, accompanied by series of tahles. 
Results are presented on a scale of 1-100: the higher the number, the hetter the 
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standard. In addition. there is a computer program approved for SAP calculations by 
the BRE that could also be used. 
3. Environmental Standard - BREEAM- Environmental Standard is the first 
revision of BREEAM Version 3/91 for new homes. which replaces and reflects the 
increase in knowledge and understanding of early issues since it launched in 1991. 
BREEAMlNew Homes is one of the series of five assessment methods developed by 
BRE and Municipal Mutual Insurance Ltd for different type of buildings. BREEAM, 
the BRE's Environmental Assessment Method. is developed in 1990 by ECD Energy 
& Environment with the BRE. This method is based on readily available and 
generally accepted information. As it is stated in one of BRE's Reports [1], the 
method identifies and credits designs where specific targets are met. Since its launch, 
BREEAM has become the UK industry standard for specifying and benchmarking the 
environmental performance of buildings. 
4. NHER- National Home Energy Rating is a policy tool for Authorities and 
Housing Associations, which calculates the energy performance of dwellings and the 
first scheme to receive full governmental approval for the delivery of SAP. It is 
designed in 1990 by the BRE in the function of a comprehensive system for 
evaluating the energy efficiency of housing stock. The NHER has three steps towards 
establishing and implementing an energy policy, which are: A Stock Profile; Priorities 
and Targets; and Implementation. The software delivers many useful indices and 
ratings including; the Government's SAP, the NHER on a scale of 1-10, the Building 
Energy Performance Index (BEPI), the total C02 Emissions produced by a house. 
5. MNV STARPOINT- This Home Energy Labelling model is an essential aid 
to achieving the needs and requirements set by the Government and the Housing 
Corporation, which is launched in 1990. It aims to assess existing energy efficient 
standards in housing, identify priority action areas and cost-effective improvements 
and tests the extent to which these improvements can raise the rating and reduce C02 
emissions and heating bills. MNV STARPOINT is a computer software and its 
products and consultancy services are based on the Government's SAP. It has been 
given to issue Home Energy Labels on a scale of ONE STAR being poor and FIVE 
STAR excellent. 
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Table I: A comparison study of five main building environmental assessment methods 
(Y:Yes, N:No). 
GENERAL CRITERIA t 2 3 4 5 
Produces an energ) ratingJIs a software based program/OITers N y Y Y Y 
_greater flexibilit\ in henchmarking huilding portfolios 
Suitable for calculating SAP ratings/Provides simple means of y y N Y Y 
reliabl\' estimating the energy et1iciencvpertonnance 
Provides a framework for calculation of energy use in buildings Y N Y N Y 
Thennal insulation of the huilding envelope; the etliciency and 
control of the heating and hot water systems; and the ventilation N y N Y N 
characteristics of the d\\elling are included when calculating 
energy costs 
Estimates thc energy used tor space and water heating/Consists 
of worksheets/Enables the levels of energy et1iciency in N Y N Y Y 
buildings to be compared 
Additionally takes into account C02. CFC and HCFC 
emissions; renewable resources and recycled materials; lighting; N N Y Y Y 
etc. 
Provides guidance and covers issues such as global. local and N N Y N Y indoor 
Encourages the use of public transport and cycling/Provides the 
environmental assessment of materials and rating for N N Y N N 
recyclability 
3. CONCLUSION 
In the UK, more than twenty-five years of research background has produced broad 
understanding of the implications of the energy use and helped increasing the number 
of building environmental assessment methods with significant potential for energy 
savings. These methods are not only covering a large part in the research background 
achieved in the country, but also playing an essential role in increasing awareness of 
the importance of energy efficiency and encouraging energy conscious building 
design throughout the country. Moreover, they have been added to the building 
regulations to improve the building energy usage and increase the efficiency of 
building stock. However these methods have not been effectively transferred to the 
building design community. Yet these schemes aimed to assess the building stock 
could be more effective solutions. In fact, recent studies suggest that the UK building 
stock is in poor conditions [3J, [5]. 
Against this background, my research advocates that more empha.."is should be paid to 
encouraging property developers to design energy conscious buildings as opposed to 
previous studies that have mainly focused on tool developments and ratings. Today. 
as being one of the most important issues, sustainable development is forever on the 
agenda. Therefore, the knowledge gap between the developed building environmental 
______________________________________________________ 183 
Appendix C Publications 
assessment methods and the building design community, should be bridged rapidly. 
Additionally, the building regulations and associated policies could be more effective 
and efficient. Moreover. the use of energy ratings should enable decision makers to 
take energy efficiency into account on a rational basis when designing new dwellings 
or refurbishing existing ones. For building professionals, ratings can be used as a 
design tool to optimise energy efficient design. 
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ABSTRACT 
Today, global wanning is one of the most dangerous instabilities that we are 
introducing into our ecosystem. Accordingly, the relationship between global 
wanning and the way we use energy in our homes is becoming increasingly related 
and crucial. Energy used in the home is responsible for significant amount of the 
UK's CO2 emissions. It is a major contributor to 'Global Warming' and therefore, 
improved energy efficiency is a key element of necessary changes. This study is 
aimed to introduce the importance of energy efficiency improvements in housing. 
Improvements in this sector will therefore help significantly to the whole 
improvement programme in housing in the country. 
Conference Topic: Case Study 
Keywords: Climate Change, Home Energy Use, Environment, Energy-Efticicncy 
Housing 
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INTRODUCTION 
Global Warming and Energy Use 
Global warming today is one of the most dangerous instabilities that are being 
introduced into our ecosystem. Consequently, the relationship between global 
warming and the way we use energy in our homes is becoming increasingly related 
and crucial. Energy used in the home is responsible for about 30% of the UK's C02 
emissions. This is a major contributor to 'Glohal Warming' and therefore, improved 
energy efficiency is a key element of necessary changes. 
As a contribution to global efforts to prevent Climate Change running out of control, 
the United Kingdom should plan for a reduction of 60% over the next 50 years in the 
amounts of carbon dioxide it produces by burning fossil fuels. This is again one of the 
key conclusions of a major report published in the year 2000 (1]. 
Furthennore, information also published by the Department of Trade and Industry 
shows that in the UK almost 50% of the total energy used by the country is accounted 
for the building sector (2). This supports the idea of why the government is given the 
commitment to reduce the emissions of ozone depleting gasses by 20% and ensure 
that the building sector is playing its fair role in helping to meet these standards. 
In this study, it is aimed to introduce the importance of potential energy efficiency 
improvements in housing in Sheffield. Improvements in this sector will therefore help 
significantly to the whole improvement programme in housing in the country. 
Households and Energy Consumption 
In the UK, household's share of total energy consumption stands at 29%; higher than 
the shares of the industrial and service sectors, lower than the share of transport's r 3]. 
Additionally, total energy consumption in the domestic sector rose by just under a 
quarter between 1973 and 1998 (see figure I). 
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Figure I. UK energy con umption rate by sector 1965-2010. 
Publications 
As the report tates 0 er the 25 ears period (1973 -1998), despite the Increase 
mentioned abo e, the total energy consumed within the home by the average UK 
household fell by about a tenth. Now this fall is mostly attributable to a decline in the 
average number of people per household, to an increase in insulation and draught 
proofing as new homes are built and existing dwellings are improved, and to the 
introduction of more energy efficient heating systems. 
Moreover, it is stated that, a single household 's total energy consumption depends 
heavily on levels of insulation and draught proofing and the heating system it uses. 
The government's Standard Assessment Procedure (SAP) for the energy costs rating 
of dwellings is currently extensively used to measure the basic energy efficiency of 
UK homes (see figure 2) for space heating and hot water [4]. Although the existing 
housing stock has steadily improved, most of it is sti ll far from having cost-effective 
levels of insulation. 
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Figure 2. SAP ratings. 
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Analysis of SAP ratings from these surveys demonstrates that lower income 
households are those who can least afford to waste energy and live in th most 
inefficient property that are hardest to heat. In the country, generally the prival I 
rented sector has a lower rating than owner-occupied, counci l and housing a 0 iation 
homes, which is reported by the Department of Energy's Energy Report [31 . 
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Housing in Sheffield 
Over ] in 5 people in Sheffield are over pension age. which is higher than any other 
metropolitan district. People over 85 ages are rising by 2.9% per year. Although 
Sheffield's population is projected to fall over the next ten years, the number of 
households is increasing and this reflects the growing number of smaller households, 
with almost I in 3 households consisting of only one person (5]. 
Large number of households contains someone who has problems coping with their 
accommodation because of disability. health problems or long-tenn illness. These 
households are often most at risk from fuel poverty. Although Sheffield has a low 
proportion of households with children (26.7%), it is expected to increase. 
Sheffield has a large number of terraced properties, which were constructed before 
1919 (mainly owner-occupied. some privately rented) and are in poor state of repair. 
15% of terraced homes are unfit, with the main reasons dampness and disrepair. 
There are high proportions of purpose built flats, which have large number of one and 
two bedroom properties compared to other metropolitan districts and very small 
proportion of large family houses (seven or more rooms - less than 20,000 homes) 
[5]. 
Large number of council houses is in need of modernisation including improved 
heating and insulation. Additionally, over 14,000 properties are without central 
heating, the vast majority of the stock is lacking the insulation required by building 
standards. 
The average energy rating for the council stock is 4 and 5 on the NHER scale. Over 
27,000 properties have a rating of 3 or less. In the private sector, 30,000 properties 
have a SAP energy rating of 30 or less [5]. 
Over 20,000 private sector properties (15%) have no insulation and the rest 2.1.000 
(17%) have less than current building standards. 16% of properties rely on individual 
room heaters as their main source of heating. Over half of households (51%) in 
unfurnished tenancies lack central heating. 46% of private sector properties are 
estimated as having solid walls, which restricts the option for insulation. 
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According to the report publi hed by heffield Housing, overall 17% (37719) 
households had difficulty pa ing their fuel bills. This was most severe for council 
tenants (22%) and for tenants of pri ate sector landlords (28%). 34% of households 
did not heat all their room in winter due to the following reasons; too expensive to 
heat all the rooms (22%) had no heating in some rooms (22%) [5J. 
Table I. Total energy use by tenure (1996). 
Irouncil Tjoules p.a. PercentllRe £mi ll ion p.a. 
[Space heating 5,2 10 66 22.5 
Water heating 1,760 23 10.6 
Irooking 334 4 1.3 
L~hts and appliances 564 7 10.4 
~tanding char~es nla nla 5.6 
Total 7,868 50.4 
Owner occuQied Tjoules p.a. Percentage £million ~a. 
!§pace heating 13,000 72 54.7 
Water heating 2,970 16.5 15.1 
Cooking 66 1 4 2.6 
Lights and llQQliances 1,350 7.5 25.2 
Standing charges nla nla 9.9 
t!:.ota l 17,98 1 107.5 
These ca lculations give an average weekly energy bill of £ 13.55 for council tenants and 
£ 16. 18 for owner-occupiers. 
Table 2. Total energy consumption by tenure (1996). 
Energy CO2 Emissions Average Rating 
Tenure (Tjoules p.a.) lklonnes p.a.) (NH ERl 
Owner occupied 18,000 1,423 4.6 
Cou nci l 7,880 657 4.5 
Pri vate rented 2,056 159 • 
Hosing Association 651 53 • 
Total 28,587 2,292 
• Data was calculated using the Building Research Establishment so ftware, which generates a 
less accurate ene!'ID' consumption figure. 
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Figure 3. NHER ratings for council hOIJ ing. 
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RES LT A D DJ ION 
In the K, th repla ement rat of old home by new, more energy-efficient ones is 
extremely low; Ie than one tenth of I % of the UK housing stock is demolished 
each year [6]. Thi mean that th re have to be major improvements to the energy 
efficiency of the e i ting stock if household energy consumption is to be reduced. 
The Home nergy onser ation Act 1995 requires UK local housing authorities to 
draw up strategies for cost-effectively raising the energy efficiency of private and 
public ector homes in their area. Also, a recent study indicates that the Act is 
unlikely to achieve uch an improvement [8]. 
Table 3. Energy efficiency improvements, Sheffield 1996. 
Energy CO2 Emissions 
Average 
t ouncil Hou ing Dwellings Rating (Tjoules p.a.) (ktonnes p.a.) 
.ili./-I ER 1 
Before improvements 71 ,510 7,880 657 4.5 
After improvements 71 ,510 3, 117 309 6.3 
Iowner occupied Energy O2 Emissions 
Averagc 
Dwellings Rating Housing (?:ioules p.a.) (ktonnes p.a.) i Nll ERl 
Before improvements 127,730 18,000 1,423 4.6 
IAfter improvements 127,730 5,310 457 5.7 
Private rented sector Energy O2 Emissions 
1\ verag . 
Dwellings Rating Housing (Tjoules p.a.) (ktonncs p.a.) J.N IIERl 
Before improvements 17,380 2,056 159 n/a 
)\fter improvements 17,3 80 601 49 n/a 
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/Housing Association Energy CO2 Emissions 
Average 
D\\ellings Rating (fjouJes p.a.) (ktonnes p.a.) (NHER) 
~cforc improvemcnts 8.020 651 53 N/a 
IAftcr impro\cments 8.020 172 15 I n/a J 
Above tables show the energy efficiency improvements, which can achieve the 30% 
target set by Sheffield's Home Energy Conservation Act (HECA) programme [5J. 
Furthermore, Sheffield's HECA Strategy's full report stated that the measures to 
achieve these savings are estimated at £383.42 million and the time scale is at to over 
10 years. 
Table 4. Overall results by tenure, Sheffield Housing 1996. 
~'cnurc CO2 Reduction (%) Energy Savings (%) 
/Council Housing 53 60 
bwner occupied Housing 68 70 
/Private rented sector Housing 69 71 
Housing Association 72 74 
According to the overall results given above, Sheffield's HECA programme can 
achieve an average overall 65% savings. This can show that all the other cities can 
achieve similar percentage savings and therefore, we could say that the UK, as an 
individual country, can achieve overall 50% CO2 reduction and total energy savings 
by the year 2010, which is also the deadline for Kyoto Protocol. 
CONCLUSION 
The results of this study will not only help us in our aim to improve energy efliciency 
in our homes and increase standards and performance of the properties, but also help 
the potential for future improvements and energy savings in the UK. AdditionalIy, the 
study will assist to develop a strategy for energy efficiency improvements in housing 
sector in this field. Presented data wiIJ also accelerate the necessity of improvements 
and consultancies in private sector within the country. 
Overall, it will help to make a small-but significant-contribution to the well being or 
the global environment; live in a healthier environment; save energy. 
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This survey is again a reminder for all architects. engineers, project managers, 
consultants and other professionals involved in energy efficiency improvements to 
comprehend the importance of home energy use in our environment. 
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ABSTRACT 
Along with the UN Framework Convention on Climate Change signed in ] 992, UK 
government has committed to reducing the emission of six greenhouse gases with 
carbon dioxide being the most significant to 12.5% lower than the 1990 levels. The 
government has also indicated that it has an aim of further reducing the emissions 
with an eventual target of 20% below the 1990 levels by 2010. Today, the housing 
stock is responsible for about 30% of overall emissions, which is a major contributor 
to global warming and therefore, improving energy efficiency and reducing carbon 
dioxide emission within housing stock is a key factor for long-term sustainability in 
the built environment. 
Conference Topic: Case Studies 
Keywords: Sustainable Development, C02 Emission, Energy Conservation 
1. BACKGROUND 
The UK Government has signed the UN Framework Convention on Climate Change 
in Rio de Janeiro in 1992 and is therefore committed to reducing the emission of six 
greenhouse gases with carbon dioxide being the most significant to 12.5% lower than 
the 1990 levels. The government has also indicated that it has an aim of further 
reducing the emissions with an eventual target of 20% below the 1990 levels by 2010 
[1 ]. 
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In the UK, energy consumed by the building stock approaches 50% of the total while 
transport is responsible for 18% and predicted to rise significantly. Moreover. energy 
used in housing sector is responsible for about 30% of overall C02 emission and 
considerably is a major contributor to global warming [2]. Today, home energy 
consumption has become one of the key elements of improving energy efficiency and 
reducing carbon dioxide emission in the country. 
2. AIMS AND OBJECTIVES 
• 
• 
• 
• 
Increasing standards in private housing sector in order to contribute the 
overall improvement programme in the UK. 
Analysing energy efficient housing strategies and current technologies to 
examine the delivery of required standards. 
Performing modifications to dwelling base designs to improve energy-
efficiency within studied properties. 
Introducing case study results to landlords/landladies to encourage energy 
conservation. 
• Encouraging the use of low energy (high-efficiency) lighting, such as compact 
fluorescent bulbs, to help energy savings in buildings. 
• Promoting energy savings throughout the housing sector In Sheffield and 
ultimately in the entire UK. 
3. METHODOLOGY 
For the determination of energy efficiency potentials in studied properties and 
analysed areas, it is necessary to have information on the following: 
• The current condition of the property, including the efficiency of space and 
water heating systems in use. 
• The SAP rating of the dwelling with respect to C02 emission. 
• The reduction analysis of the property C02 emission due to the modification 
carried out to base designs. 
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Work carried out in this study at the l'niwrsity of Shdlield. has demonstrated quite 
clearly that the importance of energy etliciency in private housing sector within 
Sheffield wiJJ therefore help signiticantly to the whole improvement programme in 
the UK. 
The main factors examined arc: 
• House Conditions (Energy rating with SAP) . 
• Cost of Energy { 'sc (Both fi,1r Space and Water Heating) . 
• CO2 Emissions. 
• Effective Air Change in the Property (Natural Ventilation). 
• Heat Loss Parameters (HLP). 
Over 600 questionnaires were distributed to obtain the initial information about the 
conditions of privately rented properties within Sheffield. With the feedback gained, 
analysis have been carried out and recorded. Moreover, SAP calculations, layout 
plans and current photos of these properties have also been verified and attained for 
future references to help the improvement programme for energy efficiency. The 
information produced in this study relates to properties mainly rented by the 
university students. staff and other professionals within areas such as S3, S1 0, etc. 
4. CASE STUDY RESULTS 
More than 200 properties have been examined; existing conditions (with relevant 
SAP rating), cost of energy use (both for space and water heating), C02 emissions, 
effective air change in the property (natural ventilation) and heat loss parameters have 
been calculated. 
Case study has also been followed up by the comparison between results obtained 
from Stelrad software (Horne Assessment Rating Procedure) and SAP (Standard 
Assessment Procedure) rating version 9.53. 
Table I: Comparison of Property Base Designs. 
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T DIED PROPERTIE 
REQU IRED SAP RATINGS = 80/81182/83/84/85 
PROP. NO SPACE WATER TOTAL CO2 SAP PIF 
PROP. I 263.0 1 150.04 4 13.05 4.54 54 F 
PROP. 2 265.82 150.04 4 15.86 4.57 54 F 
PROP. 3 297.99 158.68 456.67 5.07 60 F 
PROP. 4 3 12.8 1 156.55 469.36 5.23 56 F 
PROP. 5 3 14.86 152.42 467.28 5.2 51 F 
PROP. 6 307.9 1 152.42 460.33 5. 12 52 F 
PROP. 7 292.58 150.04 442.62 4.9 51 F 
PROP. 8 32 1.93 160.22 482. 15 5.38 59 F 
PROP. 9 294.79 155.87 450.66 5 57 F 
PROP. 10 3 10.04 155.87 465.91 5.18 56 F 
PROP. II 246.3 1 148.8 395. 11 4.32 54 F 
PROP. 12 259.6 126.35 385.95 4.21 56 F 
PROP. 13 313.62 155.87 469.49 5.23 55 F 
PROP. 14 3 13.62 155.87 469.49 5.23 55 F 
PROP. 15 396.3 1 166.3 1 562.62 6.36 58 F 
PROP. 16 338. 12 155. 15 493 .27 5.52 52 F 
PROP. 17 294.03 164.39 458.42 5.09 66 F 
PROP. 18 406.4 179.26 585.66 6.65 69 F 
PROP. 19 408.87 179.26 588. 13 6.68 69 F 
PROP. 20 4 15.39 179.26 594.65 6.75 68 F 
PROP. 2 1 4 15.39 179.26 594.65 6.75 68 F 
PROP. 22 481.29 190.76 672.05 7.7 73 F 
PROP. 23 835.54 195.77 1031.31 19.46 53 F 
PROP. 24 278. 14 150.04 428. 18 4.72 52 F 
PROP. 25 252.41 151.7 404. 11 4.43 57 F 
PROP. 26 290. 19 152.42 442.61 4.9 54 F 
PROP. 27 296.75 154.51 451.26 5 56 F 
PROP. 28 268 11 4.98 382.98 4. 17 59 F 
PROP. 29 233.79 151.27 385.06 4.2 59 F 
PROP. 30 32 1.08 173.76 494.84 5.54 72 F 
PROP. 3 1 237.96 151.7 389.66 4.25 59 F 
PROP. 32 273. 71 151.7 425.4 1 4.69 55 F 
PROP. 33 279.71 160.47 440. 18 4.87 64 F 
PROP. 34 253 .56 160.86 4 14.42 4.55 67 r 
PROP. 35 253.56 160.86 4 14.42 4.55 67 r 
PROP. 36 253.56 160.86 4 14.42 4.55 67 F 
PROP. 37 264.33 163.07 427.4 4.7 1 68 F 
PROP. 38 270.68 166.3 1 436.99 4.83 70 r 
SPACEIWATER/TOTAL: COSTS £ YEAR, PIP: PASSIFAIL 
Figure I: Property SAP Rating within Sheffield. 
SAP RATING OUTPUT 
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Figure 2: Property CO2 Emission within heffi eld. 
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Figure 3: Property Energy Costs within Sheffield. 
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5. ANALYSIS AND OUTCOME 
Publications 
Table I shows different category of property base designs in respect to SAP rating, 
CO2 emission and total energy consumption in studied properties within Sheffield. 
This emphasises the predominance of SAP rating output, which js mainly between 
50-60, due partly to CO2 emissions. Analysis of house conditions show that, average 
SAP rating is 56, which is again below required building regulations. In relation with 
the age of the property, it is estimated that during the Industrial Revolutions of the 
18th and 19th centuries, there has been a massive increase in housing, which n 
average, 50% of private rented housing could be solid wall dwelling. It is al 0 tated 
that around two thirds (66%) of solid wall dwellings are owner-occupied, with 111 
18% in the social rented sector, and 16% in the private rented sector. Thi ha 
implications both for the way improvement of solid wall housing is marketed nd fI r 
solving the problem offuel poverty [3]. 
The key problem is that solid waJl homes are generally energy ineffi ient. m er 
thick walls retain heat and protect from extremes of temperature, but th ag of lh s 
homes means that there is often a problem with damp, either thr ugh n r 
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construction or inability to provide an effective damp course. Energy efficiency of a 
house is shown by its energy rating (SAP rating), which nominally runs from 0 to 
100, but because it is a calculated figure rather than a scale, highly energy efficient 
homes can achieve ratings of 105 or more [4]. 
For the solid wall building, adding gas central heating leaves it below the national 
average. As SAP rating is also an indicator of the amount of expenditure needed to 
keep the dwelling warm, it can be seen that introducing better insulation has a far 
greater effect in raising the SAP rating and reducing the amount spent on fuel than 
just switching fuels [5J. 
However, when considering climate change and CO2 emissions, whilst insulation 
reduces C02 emissions by over 40%, just switching fuels makes a difference of more 
than 50%. Nevertheless, doing both reduces emissions by over 70%. It is likely that a 
programme that concentrated on installing gas central heating in homes would also be 
required to increase the loft insulation where possible and fit other measures such as 
draught proofing. It would be useful to have some fuller modelling of these scenarios 
based on actual numbers of homes that could be addressed by different measures, 
such as that carried out for housing stock in Sheffield (see table II and III). 
Table II: Comparison of SAP Ratings and CO2 Emissions between Double-Glazed and Central-
Heated Properties within Sheffield. 
Property A SAP Rating CO2 Emission 
No Insulation or Double Glazing; 
51 5.2 Gas Central Heating & Single Point Hot Water 
Fabric Modifications 59 4.31 
Heating & Hot Water Modifications 65 3.79 
Full Modifications; Fabric, Solar, Vent., Heating & 81 2.62 Hot Water 
--
Property B SAP Rating CO2 Emission 
No Insulation or Double Glazing; 53 19.46 Electric Storage Heater 
Fabric Modifications 60 16.35 
--,-
Heating & Hot Water Modifications 64 17.49 
Full Moditications; Fabric, Solar, Vent., Heating & 78 11.9H Hot Water 
~--
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To summarise, propertie wi th lid wall. of n n-traditional con truction types 
and/or off gas network ar mo tl ha AP rating below a erage. There are 
insulating and/or heating lution that an impro e the AP rati ng and reduce the 
amount of CO2 emitted through inefficient u e of fuel. 
Ta ble III : Performed ample Deta il of Modifications to Origina l Base Design. 
PROPERT Y C REQUIRED SAP RATING = 83 
DESIGN OPTIONS SPACE WATER TOTAL CO2 SAP 
BASE DES IGN 294.79 155.87 450.66 5 57 
I. BASE + FABR IC MOD. 234.43 155.87 390.3 4.26 64 
2. BASE + HEATING MOD. 225.44 155.87 381.3 1 4.15 65 
3. BASE + HOT WATER MOD. 309.02 103.47 4 12.49 4.53 62 
4. BASE + HEATING AN D 
236.3 103.47 339.77 3.64 71 HOT WATER MOD. 
5. BASE + VENT. MOD. 272.64 155.87 428.51 4.73 60 
6. BASE + FABR ICA ND 184. 16 155.87 340.03 3.65 71 V~NT. MOD. 
7. BAS E + SOLA R MOD. 267.87 155.87 423.74 4.67 60 
8. FINAL MODI FICATIONS 
Fabric! olar ent. 15 1.1 103.47 254.57 2.6 86 
Heating/Hot Water 
SPACEIWATERffOTAL: COSTS £ YEAR 
Figure 4: SAP Rating Chart for Property C. 
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Figure 5: CO2 Emission Chart for Property C. 
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Figure 6: Total Energy Costs Chart for Property . 
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Figure 7: Sample heet ofStelrad Home Assessment Rating Procedure Results. 
6. CONCLUSION 
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The results of this study will not only help us 
increasing standards of these properties, but 
improvements and energy savings in the UK. 
in improving energy effici nand 
also help the potentia l for flllllr 
Furthermore, the study will assist to develop a strategy for en rg 
improvements in private housing sector in Sheffield and therefor a 
necessity of improvements and consultancies in housing s ctOf within Ih 
lera t ' th 
unl ry. 
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On the whole, it will help to make a small-but significant-contribution to the well 
being of the global environment and energy conservation. 
This survey is again a reminder for all architects, engineers, project managers, 
consultants and other professionals involved in energy conservation to grasp the 
importance of energy efficiency housing and potential future improvements within 
housing sector in the UK. 
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